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ABSTRACT 


In  1978,  the  St.  Paul  District,  Corps  of  Engineers,  monitored  five  dredging 
operations  at  various  locations  on  the  Upper  Mississippi  River,  including 
three  hydraulic  dredging  operations  and  two  mechanical  (clamshell)  dredging 
operations.  Four  of  the  studies  (two  for  mechanical  and  two  for  hydraulic) 
monitored  only  turbidity  and  suspended  solids  because  a  previous  study 
(GREAT  I  WQWG,  1978)  indicated  that  these  parameters  are  useful  indicators 
of  chemical  and  microbiological  impacts  on  water  quality.  The  other  study 
monitored  the  physical,  chemical,  and  microbiological  changes  in  water 
quality  resulting  from  a  hydraulic  dredging  operation.  All  five  studies 
were  conducted  in  areas  with  relatively  coarse  sediments  (less  than  10 
percent  silts  and  clays) . 

In  the  four  turbidity  and  suspended  solids  studies,  no  changes  or  only 
minor  changes  in  water  quality  were  found  to  result  from  either  the 
hydraulic  or  clamshell  dredging  activity.  The  study  that  monitored  the 
effluents  from  a  confined  on-land  disposal  area  indicated  slight  elevations 
in  turbidity  and  suspended  solids  but  noted  that  these  levels  had  returned 
to  ambient  within  1000  feet  downstream  of  the  disposal  area. 

In  the  study  which  also  monitored  chemical  and  microbiological  parameters, 
no  significant  increases  below  the  hydraulic  cutterhead  were  evidenced  for 
any  of  the  physical,  chemical,  or  microbiological  parameters  investigated. 

The  effluent  from  the  confined  on-land  disposal  area  contained  concentra¬ 
tions  of  some  parameters  (especially  iron,  manganese,  and  the  physical 
parameters)  that  exceeded  the  pre-dredging  and  upstream  control  values. 
However,  only  iron  and  manganese  were  found  to  be  significantly  higher 
downstream  of  the  disposal  pipe  than  in  upstream  control  values.  Daily 
fluctuations  in  concentrations  for  most  of  the  parameters  were  fairly 
substantial  and  tended  to  mask  any  impacts  caused  by  dredging. 

Overall,  with  the  methods  used  for  disposal  of  the  dredged  material  at 
the  five  sites  studied,  no  major  degradation  of  water  quality  was  evidenced 
for  either  the  mechanical  (clamshell)  or  hydraulic  dredging  and  disposal 
operations . 

In  1978,  a  bottom  sediment  reconnaissance  was  conducted  for  many  historical 
dredging  sites.  All  sediment  samples  were  analyzed  for  bulk  chemistry, 
particle  size  distribution,  and  settleability.  Location  on  the  river  and 
the  amount  of  fine  materials  (silts  and  clays)  were  found  to  strongly 
influence  contaminant  levels  within  the  main  channel  of  the  river.  Frequency 
of  dredging  at  a  site  did  not  appear  to  be  a  major  factor  in  determining 
the  degree  of  contamination.  Sites  in  and  immediately  downstream  of  the 
Twin  Cities  metropolitan  area  contained  the  most  contaminated  sediments. 

High  levels  of  contaminants  were  closely  associated  with  the  finer  sediments. 
Most  of  the  sediments  sampled  were  coarse,  with  85  percent  of  the  sites 
having  less  than  10  percent  silts  and  clays  and  most  having  less  than  4 
percent. 
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INTRODUCTION 


BACKGROUND 


Maintenance  of  a  9-foot  navigation  channel  on  the  Upper  Mississippi  River 
is  a  Federal  activity  authorized  by  the  River  and  Harbor  Act  of  1930  and 
other  statutes.  As  part  of  this  maintenance  project,  the  St.  Paul  District, 
Corps  of  Engineers,  performs  annual  maintenance  dredging  of  the  navigation 
channels  to  remove  accumulated  sediments  which  prevent  safe  vessel  passage. 
Disposal  of  this  dredged  material  is  regulated  under  Section  404  of  the 
Clean  Water  Act  of  1977  (33  U.S.C.  1344)  which  provides  authority  to  the 
States,  as  well  as  to  the  U.S.  Environmental  Protection  Agency,  to  parti¬ 
cipate  in  the  regulatory  process.  The  research  presented  in  this  report 
is  the  result  of  an  agreement  between  the  Minnesota  Pollution  Control 
Agency  and  the  St.  Paul  District,  Corps  of  Engineers,  to  conduct  water 
quality  monitoring  and  testing  in  connection  with  the  1978  maintenance 
dredging  season  on  the  Upper  Mississippi  River. 

DREDGING  STUDIES  ON  THE  UPPER  MISSISSIPPI  RIVER 


A  very  limited  number  of  studies  are  available  on  the  effects  of  dredging 
upon  the  Upper  Mississippi,  Minnesota,  and  St.  Croix  Rivers.  One  study 
conducted  by  the  Corps  of  Engineers  (1973)  on  the  Minnesota  River  monitored 
turbidity  changes  resulting  from  a  clamshell  operation.  In  the  study, 
turbidity  tripled  100  feet  downstream  of  the  dredge.  However,  0.8  mile 
downstream  of  the  dredge,  surface  turbidity  had  returned  to  ambient  and 
bottom  turbidity  was  returning  to  ambient  levels. 

Another  study  conducted  in  1973  monitored  a  hydraulic  dredging  operation 
in  Pool  8  of  the  Upper  Mississippi  River  (Corps  of  Engineers,  1974)  and 
reported  a  significant  increase  in  turbidity,  nitrate  nitrogen,  and  nitrate 
nitro8en  resulting  from  a  hydraulic  dredging  operation  and  subsequent  dredged 
material  deposition.  In  addition,  significant  numbers  of  sediment-bound 
fecal  coliforms  were  released  to  the  overlying  water  column  and  to  downstream 
areas  (Grimes,  1975). 

However,  in  a  study  (Held,  1978)  conducted  in  1974  on  a  hydraulic  dredging 
operation  at  the  same  site,  increases  in  turbidity,  nitrate  nitrogen, 
nitrite  nitrogen,  and  other  chemical  parameters  were  not  observed.  In 
addition  to  monitoring  water  chemistry,  various  biological  (fisheries  and 
benthos)  and  physical  (particle  size  distribution)  variables  were  measured 
prior  to,  during,  and  after  dredging.  The  author  concluded  that  the 
disposal  activity  during  1974  produced  no  measurable  effects  on  any  of 
these  variables.  However,  the  author  did  speculate  about  the  reasons 
for  the  negligible  impacts:  the  small  dredging  job;  the  dredged  material 
that  was  not  allowed  to  enter  backwater  areas;  and  the  variance  of  the 
baseline  data,  caused  by  annual,  seasonal,  and  diel  fluctuations. 


In  a  cursory  study,  the  Minnesota  Pollution  Control  Agency  (1975a)  found 
that  oil  and  mercury  concentrations  in  the  water  column  increased  below 
a  hydraulic  dredging  operation  near  Richmond  Island  in  Pool  7.  Turbidity 
and  suspended  solids  levels  were  found  to  be  above  Minnesota  State 
effluent  standards  in  the  disposal  island  runoff.  PCB's  were  also 
detected  in  one  of  the  samples  from  the  disposal  island  runoff,  indicating 
a  potential  for  resuspension  of  PCB's  from  dredged  sediments.  However, 
the  MPCA  concluded  that  major  degradation  of  the  Mississippi  River  below 
the  hydraulic  dredging  operation  was  not  evident. 

Most  of  the  major  studies  of  the  water  quality  impacts  from  dredging  and 
disposal  upon  the  Upper  Mississippi  River  have  Seen  conducted  in  the  lower 
portion  of  Pool  2.  Because  of  its  location  ( immediately  downstream  of 
the  Twin  Cities  area),  this  area  contains  sediments  more  contaminated  than 
those  found  in  most  of  the  Mississippi  River  (GREAT  I  WQWG,  1978).  Thus, 
in  reviewing  the  following  four  studies,  please  note  that  they  cannot  be 
considered  representative  of  the  impacts  on  water  quality  for  areas  with 
less  contaminated  sediments. 

One  study  conducted  by  the  Minnesota  Pollution  Control  Agency  (1975b) 
in  this  area  monitored  the  effects  of  clamshell  dredging.  Increases  in 
concentrations  below  the  clamshell  dredging  operation  were  noted  for 
suspended  solids,  turbidity,  5-day  biochemical  oxygen  demand,  zinc,  and 
iron.  Suspended  solids,  turbidity,  and  zinc  returned  to  background  levels 
within  one-quarter  mile  downstream,  but  BOD.  and  iron  concentrations  had 
not  returned  to  background  within  1  mile  below  the  operation. 

Another  study  also  monitored  a  clamshell  dredging  operation  in  the  lower  por¬ 
tion  of  Pool  2,  at  Boulanger  Bend  (GREAT  I,  WQWG,  1980b).  In  this  study,  water 
quality  impacts  were  greater  in  the  disposal  plume  than  in  the  dredge  plume 
and  greater  near  the  bottom  than  near  the  surface.  In  some  plume  samples,  pro¬ 
posed  MPCA  water  quality  standards  were  exceeded  for  iron,  mercury,  ammonia, 
turbidity,  dissolved  oxygen,  and  fecal  conforms;  but,  in  almost  all  cases, 
ambient  levels  of  these  parameters  were  already  in  excess  of  standards. 

Turbidity  levels  had  returned  to  background  within  1,000  feet  downstream 
of  the  dredge  and  disposal  site.  Relatively  poor  correlations  between 
bottom  and  surface  concentrations  of  parameters  were  observed  in  this  study, 
and  between  physical  (turbidity  and  suspended  solids)  and  biological- 
chemical  parameters.  In  the  Boulanger  Bend  study,  the  use  of  color  and 
color  infrared  photography  as  a  monitoring  technique  was  also  explored. 

The  study  showed  that  this  technique  was  effective  in  determining  the 
areal  extent  of  surface  turbidity  plumes,  although  it  could  not  predict 
overall  water  column  impacts  since  relatively  poor  correlations  were  found 
between  bottom  and  surface  concentrations  of  parameters. 

Another  study  conducted  in  Lower  Pool  2  (in  conjunction  with  the  GREAT  I 
(1978a)  monitoring  study  at  Grey  Cloud  Slough)  monitored  a  hydraulic 
dredging  operation  (Lee,  1977).  A  major  emphasis  of  this  study  was  to 
field  test  the  predictability  of  the  elutriate  test  on  release  of  con¬ 
taminants  from  sediments.  In  general,  metal  concentrations  in  the  disposal 
discharge  were  comparable  to  those  obtained  from  elutriate  tests.  However, 
nitrogen  and  phosphorus  compounds  generally  were  not  comparable.  In  the 
field  study,  increased  concentrations  in  the  disposal  plume  were  noted 
for  soluble  iron,  manganese,  nickel,  and  zinc.  In  addition,  aldrin,  pp'DDE, 
op'DDE,  and  PCB's  were  detected  in  water  samples  taken  directly  from  the 
discharge  point.  This  study  also  showed  that  turbidity  had  returned  to 
background  levels  within  several  hundred  meters  of  the  disposal. 
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For  the  same  study,  acute  toxicity  (96-hour)  bioassays  were  conducted 
on  Daphnia  raagna,  using  elutriate  and  dredge  discharge  waters.  In  both 
the  elutriate  and  dredge  discharge  waters,  contaminants  were  not  found  to 
be  released  in  quantities  sufficient  to  be  adverse  to  Daphnia  inagna. 

The  GREAT  I  WQWG  conducted  a  study  on  hydraulic  dredging  and  disposal 
(beach  nourishment)  near  Grey  Cloud  Island  in  Pool  2  (GREAT  I  1978a). 

During  this  study,  turbidity  and  suspended  solids  returned  to  background 
levels  within  1  mile  downstream  of  the  disposal  island.  Chemical  and 
microbiological  parameters  closely  correlated  with  turbidity  and  suspended 
solids,  and  generally  returned  to  background  levels  within  a  short  distance 
from  the  disposal  runoff.  Most  parameters  increased  in  concentration  from 
above  to  below  the  dredging  and  disposal  operations,  but  ambient  fluctua¬ 
tions  in  the  river  water  were,  in  many  cases,  greater  than  fluctuations  caused 

by  dredging  and  disposal.  ProDosed  Minnesota  Pollution  Control  Agency 
water  quality  standards  for  arsenic,  chromium,  lead,  mercury,  manganese, 

PCB's,  and  suspended  solids  were  exceeded  only  in  a  limited  area  immedia¬ 
tely  downstream  of  the  disposal  runoff. 

Cursory  examinations  of  methods  for  minimizing  disposal  impacts  from 
hydraulic  dredging  operations  were  performed  by  Claflin  (1976).  The 
use  of  polymer  injection  and  silt  screen  were  found  to  have  only 
limited  success. 

A  study  conducted  in  1977  (Marking  and  Bills,  1977)  was  aimed  at  assessing 
the  acute  effects  of  burial  upon  three  species  of  freshwater  mussels  by 
dredged  sediments.  Two  of  the  species  studied  required  burial  by  7  inches 
or  more  of  sand  or  silt  to  prevent  the  emergence  of  50  percent  of  the 
test  populations.  For  the  other  species,  pig-toe  (Fusconaia  f lava) ,  4 
inches  of  silt  prevented  the  emergence  of  50  percent  of  the  test  popula¬ 
tion.  It  should  be  noted,  however,  that  the  study  only  assessed  the 
acute  effects  of  single  dredge  spoil  overlays  on  clams,  not  the  effects 
of  rates  of  deposit,  adaption  to  new  substrates,  migration  to  new  sub¬ 
strates,  or  long-term  effects  on  the  survival  of  clam  populations. 

OBJECTIVE  OF  THE  1978  MONITORING  PLAN 


The  overall  objective  of  the  1978  monitoring  plan  was  to  provide  fur¬ 
ther  information  on  the  water  quality  impacts  of  dredging  and  disposal 
operations  on  the  Upper  Mississippi  River.  The  data  collected  in  1978 
will  be  used  for  short-range  river  management  and  will  provide  additional 
information  for  the  development  of  long-range  planning  and  establishment 
of  applicable  dredging  standards. 

Among  the  studies  that  the  Corps  performed  in  1978  was  a  comprehensive 
water  quality  monitoring  study  at  Wild's  Bend  Dredge  Cut  (River  Mile 
730.4).  Conducted  in  an  area  thought  to  have  relatively  clean  sediment, 
this  study  monitored  the  physical,  chemical,  and  microbiological  changes 
in  water  quality  resulting  from  a  20-inch  hydraulic  dredging  operation 
and  the  subsequent  effluent  generated  from  a  confined  on-land  disposal  site. 
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Changes  In  turbidity  and  suspended  solids  resulting  from  dredging  opera¬ 
tions  were  monitored  at  four  sites.  Two  of  the  studies  monitored  clamshell 
dredging  operations  while  the  other  two  monitored  hydraulic  dredging 
operations. 

In  addition  to  monitoring  water  quality  impacts  of  dredging  and  disposal 
operations,  sediment  studies  were  conducted  in  1978  to  assess  potential 
impacts  of  maintenance  dredging  on  the  Upper  Mississippi  River.  As  part 
of  the  1978  sediment  studies,  a  bottom  sediment  reconnaissance  survey 
treated  the  navigation  system  as  a  whole,  emph  isizing  specific  sites.  For 
this  survey,  sediment  samples  were  analyzed  for  bulk  chemical  constituents, 
particle  size,  and  settleability . 

The  other  portion  of  the  1978  sediment  studies  consisted  of  suspended 
particulate  and  solid  phase  bioassays.  Using  four  sediment  types  from 
the  Upper  Missi ssi-pi  and  Minnesota  Rivers,  the  bioassays  employed 
species  indiiters  •  to  the  Upper  Mississippi.  The  four  sediment  sampling 
sites  were  chos  »  on  the  basis  of  their  similarity,  in  respect  to  the 
large  amour.  of  iae  material  (silts  and  clays)  and  contaminants  present 
at  these  sit.  -  The  bioassays  (conducted  by  the  Environmental  Effects 
Laboratory  of  “  Waterways  Experiment  Station  (WES),  Vicksburg,  Mississippi, 
in  a  joint  *-'ith  the  St.  Paul  District,  Corps  of  Engineers)  assessed 

both  acvte  tonicity  and  bioaccumulation  potentials.  This  portion  of  the 
1978  monitoring  is  not  contained  in  this  report  but  has  been  published  by 
WES  as  a  s&parate  report,  "Biological  Assessment  of  Upper  Mississippi 
River  Sediments"  (see  "References"  section  for  full  citation). 
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OVERALL  SUMMARY 


In  1978,  five  dredging  operations  were  monitored  at  various  locations  on 
the  Upper  Mississippi  River,  including  three  hydraulic  dredging  operations  and 
two  mechanical  (clamshell)  dredging  operations.  Four  of  the  studies  (two  for 
mechanical  and  two  for  hydraulic)  monitored  only  turbidity  and  suspended 
solids  because  a  previous  study  (C.REAT  T  WQWC,  1978)  indicated  that  these 
parameters  are  useful  indicators  of  chemical  and  microbiological  impacts 
on  water  quality.  The  other  study  monitored  the  physical,  chemical,  and 
microbiological  changes  in  water  quality  resulting  from  a  hydraulic 
dredging  operation.  In  all  cases,  disposal  of  the  dredged  material  occurred 
on  land.  For  the  mechanical  (clamshell)  dredging,  on-land  disposal  involved 
direct  unloading  from  barges  and  therefore  only  the  clamshell (dredging  activity) 
was  monitored.  For  the  hydraulic  dredging  operation,  the  dredged  material  was 
disposed  into  a  confined  on-land  disposal  area,  with  a  drop  structure  and 
culverts  to  allow  the  effluent  to  return  to  the  river  after  a  short  retention 
time.  Therefore,  both  the  hydraulic  cutterhead  and  the  effluent  from  the 
confined  on-land  disposal  area  were  monitored.  All  five  of  the  studies 
were  conducted  in  areas  with  relatively  coarse  sediments  (less  than  10 
percent  silts  and  clays). 

In  the  four  turbidity  and  suspended  solids  studies,  no  changes  or  only 
minor  ones  in  water  quality  were  found  to  have  resulted  from  either  tne 
hydraulic  or  clamshell  dredging  operations.  Where  minor  elevations  in  tur¬ 
bidity  and  suspended  solids  were  found,  it  was  usually  by  only  1  or  2  NTU's  and 
2  to  7  mg/1,  respectively.  The  one  study  that  monitored  the  effluents  from 
a  confined  on-land  disposal  area  indicated  a  slight  elevation  in  turbidity 
and  suspended  solids  but  noted  that  these  levels  had  returned  to  ambient 
within  1000  feet  downstream  of  the  disposal  area.  In  the  four  studies, 
location  on  the  river  greatly  influenced  ambient  levels. 

In  the  study  which  also  monitored  chemical  and  microbiological  parameters, 
no  significant  increases  below  the  hydraulic  cutterhead  were  evidenced  for 
any  of  the  physical,  chemical,  or  microbiological  parameters  investigated. 

The  effluent  from  the  confined  on-land  disposal  area  contained  concentrations 
of  some  of  the  parameters  (especially  iron,  manganese,  and  the  physical  para¬ 
meters)  that  exceeded  the  pre-dredging  and  upstream  control  values.  However, 
iron  and  manganese  were  the  only  ones  found  to  be  significantly  higher 
downstream  of  thr  disposal  pipe  than  upstream  control  values.  Because  iron 
and  manganese  are  ubiquitous  on  the  Upper  Mississippi  River,  they  will 
probably  show  some  reaction  in  most  dredging  operations.  Elevations  in 
concentrations  of  some  nutrients  were  found.  However,  these  were  limited 
to  the  area  immediately  adjacent  to  the  disposal  area,  indicating  that  very 
rapid  settling  and  dilution  occurred  at  the  disposal  site. 

Daily  fluctuations  in  concentrations  for  most  of  the  parameters  were  fairly 
substantial  and  tended  to  mask  any  impacts  caused  by  dredging.  Overall, 
with  the  methods  used  for  disposal  of  the  dredged  material  at  the  five 
sites  studied,  no  major  degradation  of  water  quality  was  evidenced  for 
either  the  mechanical  (clamshell)  or  hydraulic  dredging  operations.  However, 
it  should  be  noted  that  all  five  of  the  studies  were  conducted  in  areas 
having  relatively  coarse  bottom  sediments  and  may  not  be  indicative  of 
dredging  finer  sediments. 
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In  1978,  a  bottom  sediment  reconnaissance  was  also  conducted.  For  the 
sediment  reconnaissance,  the  Upper  Mississippi  River  was  segmented  into 
five  general  sampling  zones.  Zone  I  consisted  of  the  reach  of  the  river 
from  the  Head  of  Navigation  to  the  High  Bridge  (Smith  Avenue  Bridge)  in 
St.  Paul.  Zone  II  consisted  of  pollution  sinks  which  were  defined  from 
previous  sediment  data  as  contaminated  and  included  the  lower  portion  of 
Pool  2  and  the  Head  of  Lake  Pepin  in  Pool  4.  Zone  ITT  consisted  of  the 
stretch  of  river  from  Locks  and  Dam  No.  2  at  Hastings,  Minnesota,  to  the 
Head  of  Lake  Pepin.  Zone  IV  consisted  of  the  area  below  Lake  Pepin  to 
Locks  and  Dam  No.  5A.  Zone  V  consisted  of  Pools  6-10. 

Within  each  of  these  five  general  zones,  historical  dredging  sites  to 
be  sampled  were  selected  on  the  basis  of  frequency  of  dredging:  frequent, 
occasional,  and  infrequent.  At  each  dredging  site  selected,  a  sample  was 
collected  from  each  of  the  coarsest  and  finest  portions  at  the  site.  Each 
sediment  sample  was  analyzed  for  bulk  chemical  constituents,  particle  size 
distribution,  and  settleability  of  the  bottom  material  upon  agitation  with 
ambient  river  water. 

The  nature  of  the  data  and  the  scope  of  this  study  did  not  allow  the 
precise  estimation  of  average  levels  present,  but  the  data  were  adequate 
for  ranking  by  zones  on  levels  of  contamination.  Zones  I  and  II  were  most 
heavily  loaded  with  contaminants,  while  Zones  III,  IV,  and  V  were  substantially 
lower.  Zone  V,  the  farthest  from  the  major  source  of  pollutants,  the  Twin 
Cities  metropolitan  area,  was  the  least  contaminated  overall.  Contamination 
by  biocides  and  polychlorinated  biphenyls  was  primarily  limited  to  Zones  I 
and  II.  Detectable  levels  or  high  levels  of  metals  and  nutrients  were 
mainly  found  in  Zones  I  and  II. 

Very  high  levels  (and,  in  some  cases,  detectable  levels)  of  contaminants 
were  closely  associated  with  high  levels  of  fine  materials  (clays  and  silts) 
in  the  sediments.  Frequency  of  dredging  at  a  site  was  less  important  as  a 
factor  than  either  zone  designation  or  the  amount  of  fine  material  in  deter¬ 
mining  contaminant  levels. 

Strong  evidence  was  present  in  the  bulk  chemical  data  of  the  influence  of 
point  sources  of  chemicals. 

Most  of  the  sediments  sampled  were  coarse,  with  85  percent  of  the  sites 
having  less  than  10  percent  silts  and  clays  and  most  having  less  than  4  per¬ 
cent.  Settleability  results  were  found  to  vary,  depending  on  the  particle 
size  distribution.  At  the  five  sites  where  water  quality  monitoring  studies 
were  conducted,  particle  size  distribution  was  generally  similar  to  that  at 
many  of  the  sites  sampled  in  the  sediment  reconnaissance.  This  finding 
indicates  that  similar  dredging  operations  at  these  sites  would  have 
similar  water  quality  impacts,  especially  the  physical  impacts  on  the  water 
column.  Chemical  Impacts  on  water  quality,  however,  may  vary  depending 
on  a  specific  site's  location  in  relationship  with  Source  of  contaminants 
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COMPREHENSIVE  WATER  QUALITY  MONITORING  STUDY 
AT  WILD'S  BEND  DREDGE  SITE  (RIVER  MILE  730.4)  ON 
THE  UPPER  MISSISSIPPI  RIVER 


OBJECTIVE 


The  objective  of  the  study  was  to  assess  the  areal  extent  of  water  quality 
changes  resulting  from  a  hydraulic  dredging  operation,  and  any  effluent 
generated  from  the  subsequent  disposal  of  the  dredged  material  in  an  area 
of  relatively  uncontaminated  sediments  below  Lake  Pepin  of  the  Upper  Mis¬ 
sissippi  River. 


METHODS 


DESCRIPTION  OF  SAMPLING  SITE 

Wild's  Bend  dredge  site  is  located  at  river  mile  730.5  of  the  Upper  Mis¬ 
sissippi  River.  The  area  has  been  dredged  approximately  every  3  years 
from  1956  to  1977,  with  volume  dredged  per  job  ranging  from  14,000  to  63,000 
cubic  yards.  Sediment  deposition  occurs  in  the  area  because  of  the  sinuous 
nature  of  the  main  navigational  channel  through  this  stretch  of  the  river. 

During  the  1978  maintenance  dredging  season  from  23  August  to  1  September 
1978,  the  12-inch  hydraulic  dredge  DUBUQUE  dredged  11,566  cubic  yards  of 
material  at  Wild's  Bend.  The  20-inch  hydraulic  dredge  WILLIAM  A.  THOMPSON 
finished  the  dredging  job  between  21  September  and  25  September  1978. 

During  1978,  the  two  dredges  removed  26,188  cubic  yards  from  this  site  to 
maintain  a  depth  of  11  feet. 

The  disposal  site  was  a  diked  containment  area  above  the  ordinary  high  water 
mark  at  river  mile  730.5  on  the  left  descending  bank  in  Wisconsin.  The 
diked  area  involved  approximately  8  acres  which  allowed  for  an  inside  capa¬ 
city  of  60,000  to  80,000  cubic  yards. 


EXPERIMENTAL  DESIGN 

Sediment.  On  19  September  1978,  prior  to  dredging,  eight  sediment  samples 
were  collected  with  a  modified  9-inch  by  9-inch  Ponar  dredge  ( a  modified 
dredge,  painted  with  a  special  non-contaminating  paint  and  fitted  with  a 
fine  stainless  steel  screen)  from  the  dredge  cut  (refer  to  Figure  1).  Of 
the  eight  sediment  samples,  one  was  analyzed  for  settleabillty,  four  for 
total  particle  size,  and  eight  for  microbiological  and  chemical  parameters. 

Background  Water  Samples.  On  19  September  1978,  before  the  dredge  was  in 
place,  ten  water  samples  were  collected  from  the  area  to  be  dredged  near 
Wild's  Bend  (river  mile  730.4)  on  the  Upper  Mississippi  River.  The  water 
samples  were  collected  from  five  sites  and  at  two  depths,  1  foot  above  the 
bottom  and  1  foot  below  the  surface  (refer  to  Figure  1  ).  The  water  samples 
were  analyzed  for  physical,  chemical,  and  microbiological  components. 
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Areal  Extent.  The  water  sampling  for  the  monitoring  of  the  water  quality 
impacts  of  hydraulic  dredging  of  the  WILLIAM  A.  THOMPSON  and  the  subsequent 
effluent  from  the  confined  on-land  disposal  was  broken  down  into  two  phases. 
The  first  sampling  phase  occurred  on  21  September  1978  and  was  aimed  at 
assessing  the  water  quality  impacts  of  the  hydraulic  cutterhead  (refer  to 
Figure  2).  Three  sampling  sites  were  positioned  1100  feet  upstream  of 
the  dredge  to  serve  as  controls.  Two  sampling  sites  were  positioned  immed¬ 
iately  adjacent  and  on  either  side  of  the  hydraulic  cutterhead.  An  addi¬ 
tional  three  sites  were  positioned  800  feet  downstream  of  the  cutterhead. 

At  each  of  the  sites,  water  samples  were  collected  at  two  depths,  1  foot 
from  the  bottom  and  1  foot  below  the  surface.  Physical,  chemical,  and  micro¬ 
biological  analyses  were  conducted  on  all  water  samples. 

The  second  phase  of  the  water  sampling  occurred  on  22  September  1978  and 
was  aimed  at  assessing  the  water  quality  impacts  resulting  from  effluents 
from  the  confined  on-land  disposal  site.  Three  sampling  sites  were  posi¬ 
tioned  on  each  of  six  transects  located  100,  200,  300,  400,  950,  and  1650 
feet  downstream  of  the  disposal  site.  In  addition,  two  sampling  sites  were 
positioned  near  the  back  end  of  the  dredge.  The  dredge  at  this  time  was 
located  upstream  of  the  disposal  site  (refer  to  Figure  3  ).  Two  control 
samples  were  also  positioned  upstream  of  the  disposal  pipe  and  the  dredge. 

At  all  but  four  of  the  sites,  water  samples  were  collected  at  two  depths, 

1  foot  from  the  bottom  and  1  foot  from  the  surface.  The  four  sites  not 
sampled  at  two  depths  were  those  located  closest  to  the  disposal  pipe  (on 
transect  100  and  200  refer  to  Figure  3).  These  four  sites  were  located  in 
shallow  water.  In  addition  to  the  above  samples,  two  samples  were  collected 
directly  from  the  effluent  pipe  at  different  times  during  the  sampling  period. 
Physical,  chemical,  and  microbiological  analyses  were  conducted  on  all  samples 
except  those  depicted  in  Figure  3  ,  where  some  parameters  were  deleted  be¬ 
cause  of  problems  with  contractors  supplying  the  required  number  of  appro¬ 
priate  containers. 

All  water  samples  analyzed  for  PCB’s  and  pesticides  were  collected  with  brass  . 
Kemmerers.  Water  samples  for  metal  analyses  were  collected  with  PVC  Van 
Dohrns.  All  water  and  sediment  samples  were  chilled  until  analyses  could 
be  conducted. 


ANALYTICAL  METHODS 

Sediment.  Particle  size  determinations  and  settleability  tests  were 
conducted  by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin.  Particle  size 
analyses  were  conducted  by  the  use  of  standard  mesh  screens  and  a  hydrometer 
for  the  fines  (USDA  system).  The  settleability  test  consisted  of  agitating 
a  20  percent  sediment  and  river  water  mixture  for  10  minutes,  and  taking 
turbidity  and  suspended  solids  readings  at  geometrically-increasing  time 
intervals  until  30  mg/1  suspended  solids  or  7  days  were  reached. 

Chemical  analyses  of  the  sediment  samples  were  conducted  by  the  U.S.  Geologi¬ 
cal  Survey  Laboratory  in  Atlanta,  Georgia.  The  chemical  analyses  were  con¬ 
ducted  according  to  EPA  approved  methods. 

Microbiological  analysis  of  the  sediments  was  conducted  by  Dr.  Jay  Grimes 
of  the  University  of  Wisconsin,  LaCrosse,  Wisconsin.  (Appendix  H) 
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RESULTS 


FIELD  CONDITIONS 

Many  delays  were  Imposed  on  the  sampling  program  (particularly  the  second 
phase)  because  of  high  barge  traffic.  Weather  conditions  were  not  adverse, 
with  typically  cool  temperatures  over  the  3  days  of  sampling  (50°F)  and 
only  a  slight  wind  out  of  the  northeast. 


Current  velocities  were  recorded  for  only  1  day  of  sampling  (21  September 
1978).  Current  velocities  were  fairly  high,  with  a  mean  of  2.77  feet/sec¬ 
ond  1  foot  below  the  surface  and  2.47  feet/second  1  foot  above  the  bottom. 


SEDIMENT 


Particle  Size.  Particle  size  analysis  indicated  that  the  sediments  from 
the  dredge  cut  consisted  primarily  of  coarse  to  medium-sized  sand  par¬ 
ticles,  with  those  two  particle  sizes  contributing  over  90  percent  of  the 
total  particle  size  distribution  (Table  1) .  Fine  material  (clay  and  silt) 
was  only  found  in  trace  amounts  (less  than  2  percent). 


TABLE  1  -  Percent  composition  of  particle  size 
distribution  of  sediments  from  the  Wild’s  Bend  dredge  cut  (River  Mile  730.6) 


(Refer  to  Figure  13 
- ' — 

Classification - ,  2  east _ 2  west _ 4  east _ 4  west 


>  Sand 

4.51 

7.96 

8.04 

2.68 

Coarse  Sand 

65.26 

70.69 

68.88 

61.42 

Medium  Sand 

26.95 

19.88 

20.87 

34.66 

Fine  Sand 

0.10 

0.07 

0.03 

0.04 

Silt 

1.79 

0.00 

0.99 

0.00 

Clay 

1.39 

1.34 

1.19 

1.19 

The  particle  size  data  was  comparable  to  other  sediment  studies  done  for 
this  reach  of  the  Mississippi  River  (GREAT  I  WQWG,  1978). 

Settleability  Tests.  A  settleability  test  was  conducted  on  one  of  the 
sediment  samples  from  the  dredge  cut  (2  west,  Figure  1).  Measurements  of  turbid 
lty  and  suspended  solids  immediately  after  shaking  the  sediment-water 
mixture  indicated  that  the  majority  of  the  bottom  material  did  not  remain 
in  suspension  but  settled  out  rapidly  (Table  2).  Within  35  minutes  both 
turbidity  and  suspended  solids  values  had  dropped  below  Minnesota  PCA 
effluent  standards  of  25  NTU  and  30  mg/1,  respectively.  The  initial 
concentrations  and  the  time  of  settling  of  suspended  material  were  generally 
comparable  to  a  majority  of  other  sites  studied  below  Locks  and  Dam  No. 

2  on  the  Upper  Mississippi  River  (see  Appendix  Tables  22  and  23) . 
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TABLE  2  -  Settleability  of  dredge  site  sediments  as  measured 
by  turbidity  and  suspended  solids  at  the  Wild's  Bend  dredge  cut 


Time  Interval 
(minutes) 

Suspended  Solids 
(mg/1) 

Turbidity 

(NTU) 

0 

330 

33 

5 

45 

29 

10 

38 

26 

35 

6 

13 

75 

0.6 

12 

155 

0.4 

11 

Bulk  Chemical  Constituents.  Bulk  chemical  analyses  of  dredge  site  sedi¬ 
ments  revealed  that  dredge  cut  sediments  were  fairly  non-polluted.  Most 
of  the  metals  and  all  of  the  pesticides  and  PCB's  analyzed 
were  below  their  respective  detection  limits  fsee  Appendix  Table  F-l). 
Barium,  iron,  and  manganese  were  the  only  metals  found  in  any  appreciable 
amounts;  however,  they  were  well  within  the  range  of  values  found  below 
Pool  2  in  the  1978  bottom  sediment  survey.  Nutrient  concentrations  were 
also  low,  with  mean  concentrations  for  total  Kjeldahl  nitrogen  of  185  mg/kg 
and  total  phosphorous  of  99  mg/kg.  Ammonia  nitrogen  was  only  slightly  above 
the  detection  limits  in  two  of  the  eight  sediment  samples.  Analysis  of  sedi¬ 
ment  samples  for  residue  lost  on  ignition  (RE  LOI)  indicated  that  the  dredge 
cut  sediments  contained  an  average  of  4,4  percent  volatile  solids. 

Microbiology.  Indicator  counts  (fecal  coliform,  total  coliform,  and 
fecal  streptococcus)  in  the  dredge  cut  sediments  were  very  low,  and  no 
salmonellae  or  shigellae  isolations  were  made  (Appendix  H  ).  Fecal  coli- 
forra/fecal  streptococcus  ratios  were  generally  indicative  of  mixed  human 
and  animal  pollution  of  the  sediments.  See  Dr.  Jay  Grimes'  contract  re¬ 
port  for  further  discussion  (Appendix  H). 
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WATER 

The  water  quality  data  collected  over  the  3  days  of  sampling  are  presented 
in  Appendix  Table  E2.  Pesticides  and  other  chlorinated  hydrocarbons  were  not 
included  in  this  appendix  because  in  all  water  samples  concentrations  of 
chlordane,  polychlorinated  naphthalene  (PCN) ,  and  polychlorinated  biphenys 
(PCB)  were  reported  by  the  U.S.  Geological  Survey  laboratory  to  be  0.0  ug/1; 
and  aldrin,  DDD,  DDE,  DDT,  endosulfan,  heptachlor  epoxide,  heptachlor, 
lindane,  mirex,  and  perthane  were  reported  to  be  0.0  ug/1.  In  addition, 
soluble  forms  of  selected  parameters  were  measured  in  samples  collected 
from  six  sites  over  the  3  days  of  sampling  (Appendix  Table  E3) . 

Cadmium  and  lead  had  untypically  high  values  in  all  water  samples  (Appendix  Table 
E2).  In  addition.  Appendix  Table  E3  indicates  that  soluble  forms  make  up  almost 

all  of  the  total  concentrations  for  those  two  metals.  The  U.S.  Geological 
Survey  Laboratory  has  indicated  that  contamination  of  water  samples  by 
cadmium  and  lead  may  have  occurred  because  of  paint  on  the  nitric  acid 
ampules  which  were  used  for  the  preservation  of  water  samples  for  metals. 

For  these  reasons,  the  extremely  high  values  for  cadmium  and  lead  were 
presumed  to  be  the  result  of  contamination  and  were  not  considered  for 
further  analysis  in  this  report. 

Physical  Parameters.  The  data  for  the  physical  parameters  were  statisti¬ 
cally  tested  with  a  student's  t-test  comparing  mean  control  levels  to  mean 
plume  levels  for  the  hydraulic  cutterhead  and  the  disposal  pipe  (Table 
3). 


TABLE  3  Comparison  of  means  for  the  physical  parameters 
analyzed  in  background,  control,  and  downstream 
(of  the  hydraulic  cutterhead  and  disposal  pipe) 
samples  at  the  Wild's  Bend  dredge  cut 


Location  Date  Physical  Parameters  (Mean  Concentrations)! 


T-.iT.-.  - - 

Residue 
Susp. 2 

Residue 

<  *3 

Susp. J 

Residue 
Diss .  2 

Residue 
Total  2 

Turbidity 
(NTU)  2 

Turbidity 
(NTU)  3 

Background 

9-19-78 

25 

31 

163 

199 

11 

8.8 

Control 

9-21-78 

26 

25 

171 

201 

8.5 

8.3 

Cutter-Top 

9-21-78 

25 

23 

165 

196 

8.0 

7.8 

Cutter- 

Bottom 

9-21-78 

25 

22 

167 

194 

9.0 

8.9 

Control-Top 

9-22-78 

24.5 

22.8 

169 

195 

8 

8.4 

Control- 

Bottom 

9-22-78 

23.5 

20.8 

169 

196 

8 

8.7 

Disposal 

Top 

9-22-78 

22.3* 

22.8 

169.8 

197 

8 

8.3 

Disposal 

Bottom 

9-22-78 

21.2* 

27.2* 

171 

198 

8.2 

8.8 

*  All  values  are  expressed  in  mg/1  unless  otherwise  stated, 

2  U.S.G.8.  Results. 

3  Contractor's  results. 

*  Significant  at°<*  .05  from  student's  t-test  comparing  mean  control  values 
to  mean  plume  values . 
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Wo  significant  differences  were  found  between  the  means  of  upstream  con¬ 
trol  samples  and  samples  from  downstream  of  the  hydraulic  cutterhead 
for  suspended,  dissolved,  and  total  residues;  and  for  turbidity.  For 
the  disposal  site  samples,  the  only  statistically  significant  difference 
from  the  controls  was  for  suspended  solids.  U.S.  Geological  Survey  data 
indicated  that  there  was  a  significant  decrease  in  suspended  solids  from 
the  disposal  site,  when  compared  to  the  control  sites,  both  for  the  near¬ 
surface  and  near~bottom  samples.  However,  data  from  the  Contractor's 
report  indicated  no  significant  change  near  the  surface  and  a  significant 
elevation  near  the  bottom  at  the  disposal  site.  This  contradiction  between 
the  two  laboratories  makes  it  difficult  to  draw  any  conclusions  about 
suspended  solids.  However,  it  should  be  noted  that  very  close  agreement 
was  found  between  the  two  laboratories  for  the  near-surface  samples, 
showing  a  mean  difference  in  suspended  solids  of  only  0.2  mg/l.  Turbidity 
data  also  corresponded  well  between  the  two  laboratories,  having  a  mean 
difference  of  0.36  NTl's. 

Lateral  positions  on  a  transect  below  the  disposal  pipe  had  no  effect  on 
any  of  the  physical  parameters.  Similar  values  were  found  at  the  east 
position,  located  closest  to  the  disposal  island,  and  at  the  center  or  west 
position,  located  further  from  the  disposal  island  (Figure  3). 

Water  samples  taken  directly  from  the  disposal  pipe  were  found  to  be 
above  background  and  control  levels  for  total  residue,  suspended  re¬ 
sidue,  and  turbidity.  Dissolved  residue  was  not  found  above  background 
or  control  levels  in  samples  from  the  disposal  pipe  (Table  3).  The 
turbidity  and  suspended  solids  values  from  the  disposal  pipe  were  similar 
to  those  recorded  after  only  5  minutes  of  settling  time  in  the  settleability 
test  (Table  2).  This  would  indicate  that  some  settling  did  occur  but  was  minor. 

Background  samples  collected  2  days  prior  to  dredging  at  the  Wild's  Bend 
dredge  site  had  turbidity  and  suspended  solids  mean  concentrations  greater 
than  those  recorded  in  either  controls  or  plumes  for  either  day  of  moni¬ 
toring  of  the  dredging  and  disposal  operations.  This  would  indicate  that 
natural  daily  fluctuations  may  be  fairly  large  and  may  mask  any  physical 
impacts  on  water  quality  caused  by  a  dredging  operation  at  this  site. 

Nutrients .  Samples  collected  directly  from  the  disposal  pipe  had  higher 
values  for  all  the  nutrients,  except  nitrate  and  nitrite,  than  background 
or  control  samples  (Appendix  Table  E2) .  However,  no  statistically  significant 
differences  were  found  when  comparing  disposal  site  means  with  control  site 
means  for  any  of  the  nutrients.  In  fact,  mean  concentrations  of  the  various 
nutrients  from  samples  near  the  disposal  site  were  lower  than  mean  control 
concentrations.  In  addition,  no  significant  differences  were  found  between 
mean  control  values  and  near  the  cutterhead  values  (Table  U) . 
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TABLE  4  Comparison  of  mean  nutrient  concentrations  in  background, 
control,  and  downstream  (of  the  hydraulic  cutterhead  and  disposal 
pipe)  samples  at  the  Wild's  Bend  dredge  cut 

1  * 

Location _ Date _ Nutrients  (mean  concentrations) 

NH^  Tot  NO3  Tot  Organic  Kjeldahl  NO2&  Tot  Ortho 

Nitrogen  Nitrogen  Nitrogen  Nitrogen  Nitrogen  NO3  Phosphorous 


Background  9-19-78 

0.02 

1.2 

5.7 

0.74 

0.76 

0.47 

0.11 

Control  9-21-78 

0.01 

1.3 

5.7 

0.73 

0.75 

0.54 

0.13 

Cutter-Top  9-21-78 

0.02 

1.3 

5.7 

0.74 

0.74 

0.54 

0.12 

Cutter-Bott  9-21-78 

0.02 

1.3 

5.9 

0.78 

0.80 

0.53 

0.12 

Control-Top  9-22-78 

0.02 

1.5 

6.4 

0.88 

0.90 

0.55 

0.13 

Control-Bott  9-22-78 

0.02 

1.5 

6.6 

0.92 

0.93 

0.55 

0.13 

Disposal-Top  9-22-78 

0.013 

1.4 

6.3 

0.84 

0.85 

0.57 

0.12 

Disposal-Bott  9-22-78 

0.02 

1.4 

6.3 

0.84 

0.85 

0.57 

0.12 

All  values  are  expressed  in  mg/1 

*Significant  at  =  .05  from  a  student's  t-test  comparing  mean  control  values  to 
mean  plume  values 


Comparing  the  lateral  sampling  site  position  on  a  transect  below  the  disposal 
pipe  indicated  that  the  east  position  located  closest  to  the  disposal  island 
had  higher  levels  of  ammonia,  Kjeldahl  nitrogen,  and  total  organic  nitrogen 
than  did  the  west  or  center  position  which  were  located  further  from  the  dis¬ 
posal  island  (Appendix  lable  E2) .  This  seems  to  indicate  that  the  disposal 
did  have  some  minor  effects  on  nutrient  concentrations  but  that  these  were 
limited  mainly  to  water  immediately  adjacent  to  the  disposal  island. 

Background  samples  had  a  slightly  lower  concentration  for  most  of  the  nutrients 
than  control  samples  taken  during  the  monitoring  study.  This  would  indicate 
that  there  are  daily  fluctuations  in  nutrient  concentrations  in  this  area. 

Comparing  dissolved  Kjeldahl  nitrogen  and  ortho-phosphorous  with  total  con¬ 
centrations  for  a  few  selected  sites  indicates  that  for  both  the  control  and 
plume  samples  a  majority  of  the  two  nutrients  were  in  the  dissolved  form, 
whereas  the  samples  taken  directly  from  the  disposal  pipe  had  a  greater  per¬ 
centage  in  the  suspended  form. 

Metals .  Samples  taken  directly  from  the  disposal  pipe  showed  that  manganese 
and  iron  were  the  only  metals  showing  a  substantial  elevation  over  control 
and  background  samples,  with  mean  concentrations  of  5450  ug/1  for  iron  and 
2250  ug/1  for  manganese  (Appendix  Table  E2) ,  The  metals  data  were  statistically 
analyzed  with  student's  t-test  comparing  the  means  of  downstream  of  the  disposal 
pipe  samples  and  cutterhead  samples  to  respective  control  means  (Table  5). 

Iron  and  manganese  were  the  only  metals  that  showed  a  significant  elevation 
above  controls  in  the  disposal  pipe  plume.  Iron  and  manganese  values  were 
also  elevated  downstream  of  the  cutterhead  in  comparison  on  the  control  values, 
but  this  elevation  was  found  to  be  not  significant  with  the  student's  t-test 
(a  +*-  .05). 
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TABLE  5  Comparison  of  mean  metal  concentrations  in 
background,  control,  and  downstream 
(of  hydraulic  cutterhead  and  disposal  pipe) 
samples  at  the  Wild's  Bend  dredge  cut 


Location  Date  Metals  (mean  concentrations) 

_ Arsenic  Chromium  Copper  Cyanide  Iron  Manganese  Mercury  Nickel  Zinc 


Background 

9-19-78 

2 

3/10 

3.6 

0.0 

960 

127 _ 

.  _ 

_15 _ 

. 3B-- 

Control 

9-21-78 

2 

2/6 

4 

0.0 

870 

<  0.5 

7 

20 

Cut ter- Top 

9-21-78 

2 

3/5 

3 

0.0 

920 

138 

<  0.5 

9.2 

26 

Cutter-Bott 

9-21-78 

2 

2/5 

4.6 

0.0 

930 

134 

<  0.5 

11 

26 

Control-Top 

9-22-78 

2 

3.8 

0.0 

830 

132 

<  0.5 

14.3 

25 

Control-Bott 

9-22-78 

2 

2/4 

5.8 

0.0 

805 

135 

<  0.5 

9.5 

22 

Disposal  Top 

9-22-78 

1.6 

6/24 

3.2 

0.0 

895* 

146* 

<  0.5 

8.5 

18.2 

Disposal  Bott  9-22-78 

2 

6/24 

3.5 

0.0 

889* 

142* 

<  0.5 

7.9 

18.2 

All  values  expressed  as  ug/1,  with  the  exception  of  chromium,  which  is  expressed 
in  a  ratio  of  the  number  of  samples  with  detectable  limits  to  total  number  of 
samples . 

Significant  at  *  .05  from  student's  t-test  comparing  mean  control  values  to 
mean  plume  values . 


A  comparison  of  variation  with  lateral  position  on  a  transect  line  for  various 
sampling  sites  below  the  disposal  pipe  showed  that  manganese  and  iron  elevations 
were  found  primarily  at  the  east  positions,  the  positions  closest  to  the  dis¬ 
posal  island  (Appendix  Table  E2) .  This  finding  would  indicate  that  the  impacts 
did  not  extend  far  out  into  the  main  channel  but  were  mainly  confined  to  the 
area  immediately  adjacent  to  the  disposal  island.  Manganese  dropped  to  con¬ 
trol  levels  beyond  300  feet  downstream  of  the  disposal  pipe,  but  iron  readings 
were  less  tractable. 

Total  iron,  nickel,  and  zinc  concentrations  were  found  to  be  substantially 
greater  in  background  water  samples  than  in  control  or  plume  samples.  Daily  fluc¬ 
tuations  in  concentrations  for  these  parameters  were  greater  than  differences 
seen  between  control  and  plume  values. 

Comparing  dissolved  versus  total  concentrations  of  metals  at  selected  sampling 
sites  showed  that  dissolved  concentrations  for  all  the  metals  were  fairly  uni¬ 
form  among  background,  control,  and  plume  values  (Appendix  Table  A3).  In  all 
the  samples  analyzed  for  total  and  dissolved  metals,  the  suspended  concentrations 
of  all  the  metals  were  much  greater  than  the  dissolved  concentrations.  As  pointed 
out  earlier,  iron  and  manganese  showed  substantially  greater  total  concentrations 
in  the  samples  taken  directly  from  the  disposal  pipe  than  from  either  the  con¬ 
trol  or  background  samples.  However,  dissolved  iron  and  nanganese  concentra¬ 
tions  were  generally  similar  in  control,  background,  and  disposal  pipe  samples. 
This  indicates  that  very  little  release  of  iron  and  manganese  occurred  and  that 
most  of  the  iron  and  manganese  was  held  in  suspended  form. 
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Miscellaneous .  Dissolved  chloride,  total  organic  carbon,  and  chemical  oxygen 
demand  did  not  show  much  variation  between  the  3  days  of  sampling  and  control 
and  plume  values.  Statistical  analysis  with  student's  t-test  revealed  no  signi¬ 
ficant  differences  between  control  and  plume  values  for  any  of  the  three  para¬ 
meters  (Table  6). 

TABLE  6  Comparison  of  means  of  the  miscellaneous  parameters  ana’ vzeil 
in  background,  control,  and  downstream  (of  the  hydraulic 
cutterhead  and  disposal  pipe)  samples 

1* 

Location _ Date _ Miscellaneous  (mean  concentrations) _ 

Dissolved  Total  Organic  Chemical  Oxygen  Oil  and 

Chloride  _ Carbon  Demand  Crease  Phenols 


Background  9-19-78 

8.0 

13 

40 

0.0 

— 

Control  9-21-78 

8.4 

11 

44 

one  sample 

0.7 

Cutter-Top  9-21-78 

8.1 

11 

42 

0.0 

0 

Cutter-Bott  9-21-78 

8.1 

11 

40 

0.0 

0.2 

Control-Top  9-22-78 

8.1 

11.5 

42.5 

0.0 

0.3 

Control-Bott  9-22-78 

8.2 

11.8 

44.7 

0.0 

1.5 

Disposal  Top  9-22-78 

8.3 

11.9 

43.8 

0.0 

0.6 

Disposal  Bott  9-22-78 

8.2 

11.9 

43.8 

0.0 

0.8 

All  values  are  expressed  in  mg/1 

*Significant  at^=  .05  from  student's  t-test  comparing  mean  control  values  to 
plume  values. 


Oil  and  grease  were  found  in  detectable  levels  in  only  one  sample,  a  control 
sample  taken  21  September  1978.  Phenols  were  found  at  detectable  levels  in 
only  a  few  samples  (both  control  and  plume  samples). 

Microbiological .  Microbiological  indicator  densities  were  evaluated  and 
statistically  analyzed  by  Dr.  Jay  Grimes  (see  Appendix H  for  his  report). 

Fecal  coliform  counts  were  generally  greater  than  400  per  100  millileters  in 
background,  control,  and  plume  samples  (Appendix  ri) .  Salmoncllae,  but  no  shigellae. 
were  isolated  from  10  of  the  total  number  of  samples  collected  during  the  study 
(  55  ) ,  with  33  total  isolates  representing  two  serogroups.  Upstream  control 
samples  on  22  September  1978  and  background  samples  on  19  September  1978  accoun¬ 
ted  for  25  of  the  33  total  isolates. 

One-way  analysis  of  variance  revealed  no  significant  differences  of  fecal  con¬ 
forms  and  total  coliform  densities  among  background  and  upstream  controls  col¬ 
lected  on  21  September  and  on  22  September.  However,  a  highly  significant 
difference  was  evident  in  fecal  streptococcus  densities,  with  the  background 


samples  showing  the  highest  densities  and  the  control  samples  on  22  September 
the  lowest. 


One-way  analysis  of  variance  also  revealed  no  significant  differences  between 
upstream  (control)  densities  of  any  of  the  indicator  bacteria  and  the  down¬ 
stream  (below  the  hydraulic  cutterhead)  densities  on  21  September.  In  addition, 
no  significant  differences  were  found  among  upstream  (control),  near  the  cutter- 
head,  and  below  the  disposal  pipe  densities  on  22  September. 

COMPARISON  OF  RESULTS  TO  STATE  EFFLUENT  AND  WATER  QUALITY  STANDARDS 

Although  the  disposal  site  was  located  in  Wisconsin,  Minnesota  State  water 
quality  and  effluent  standards  were  used  for  the  comparison  because  the 
Minnesota  standards  are  more  comprehensive  and  because  the  waters  of  both 
States  were  affected  by  the  dredging  operation. 

A  comparison  of  the  results  of  the  samples  collected  directly  from  the  disposal 
pipe  to  Minnesota  effluent  standards  shows  that  suspended  solids  exceeded  the 
30  mg/1  standard  in  both  samples,  with  a  mean  concentration  of  47  mg/1  (Appendix 
Table  E2) .  The  turbidity  effluent  standard  of  25  NTU  was  exceeded  in  one  of  the 
samples  (30  NTU)  but  was  below  the  standard  in  the  other  sample  (21  NTU). 

Of  the  metals  investigated  in  this  study,  iron,  copper,  and  zinc  were  found 
in  excess  of  the  Minnesota  Pollution  Control  Agency  (MPCA)  proposed  water 
quality  standards  (iron:  1000,  copper:  5,  zinc:  38  ug/1;  taken  from  MPCA 
Draft  Water  Quality  Standards,  24  January  1979;  a  hardness  of  160  mg/1  was 
used  for  the  determination).  However,  for  all  three  of  these  metals,  values 
exceeding  standards  were  equally  distributed  among  samples  from  background,  con¬ 
trol,  and  downstream  of  the  cutterhead  and  disposal  pipe.  In  fact,  the  highest 
percentage  of  samples  exceeding  standards  out  of  the  total  samples  for  iron  and 
zinc  occurred  on  19  September  prior  to  dredging  (60  percent) . 

Phenols  exceeded  the  proposed  MPCA  standard  of  1  ug/1  in  several  samples,  but 
they  were  equally  distributed  between  control  samples  and  those  downstream  of 
the  cutterhead  and  disposal  pipe.  In  almost  every  sample,  fecal  coliform  den¬ 
sities  exceeded  the  proposed  standard. 

Ammonia  nitrogen  was  detected  in  the  range  of  0.00  to  0.07  mg/1.  At  these 
levels,  and  at  the  temperature  and  pH  range  normally  found  during  this  time 
of  year  in  the  area  of  the  dredge  site,  un-ionized  ammonia  would  not  have  been 
at  levels  exceeding  the  proposed  MPCA  standard  of  0.02  mg/1. 

SUMMARY  OF  FINDINGS 

1.  The  sediments  at  the  Wild's  Bend  dredge  cut  were  coarse,  mainly  consisting 
of  medium  to  coarse-sized  sand  particles,  with  only  traces  of  silt  and  clay. 

The  settleability  tests  supported  the  particle  size  data  in  that  the  tests 
indicated  a  low  initial  concentration  of  suspended  solids  with  rapid  settling. 
Bulk  chemical  and  microbiological  investigations  of  the  sediments  from  the 
dredge  cut  found  them  to  be  relatively  uncontarainated . 


2.  Physical  impacts  on  water  quality  resulting  from  the  hydraulic'  cutterhead 
and  the  effluent  from  the  confined  on-land  disposal  area  were  minimal.  No 
significant  elevations  downstream  of  the  dredge  or  disposal  island  were  found. 
Normal  daily  fluctuations  were  much  greater  than  anv  effect  from  the  dredging 
opera t ion. 

3.  No  significant  elevations  in  nutrient  levels  resulting  from  the  hydraulic 
cutterhead  or  effluent  from  the  confined  on-land  disposal  area  were  found. 

However,  there  did  appear  to  he  a  slight  elevation  of  ammonia,  Kjeldahl,  and 
total  organic  nitrogen  immediately  adjacent  to  the  disposal  area. 

4.  Polychlorinated  biphenyls  and  pesticides  were  not  found  above  the  detection 
limits  in  any  of  the  background,  upstream  control,  or  downstream  (of  the  hydraulic 
cutterhead  and  disposal  pipe)  water  samples. 

5.  Of  the  metals  studied,  iron  and  manganese  were  the  onlv  ones  that  showed 
significant  elevations  downstream  of  the  disposal  pipe.  Manganese  returned 

to  upstream  control  levels  within  400  feet  of  the  disposal  pipe.  However,  for 
both  iron  and  manganese,  dailv  fluctuations  were  greater  than  those  caused  by 
either  the  hydraulic  cutterhead  or  the  effluent  from  the  confined  on-land  dis¬ 
posal  area.  It  should  also  be  noted  that  iron  and  manganese  are  two  of  the  metals 
least  toxic  to  aquatic  life. 

6.  Microbiological  indicator  densities  were  generallv  high  in  all  water  samples, 
with  fecal  coliform  densities  usuallv  greater  than  400  per  100  milliliters. 
However,  dredging  or  disposal  of  the  dredged  material  did  not  significantly 
increase  the  densities  of  the  indicator  bacteria. 

7.  Dissolved  chloride,  total  organic  carbon,  chemical  oxygen  demand,  oil  and 
grease,  and  phenols  did  not  show  any  significant  elevations  over  upstream 
control  samples  in  water  samples  taken  downstream  of  the  hydraulic  cutterhead 
and  disposal  pipe. 

8.  Turbidity  and  suspended  solids  in  the  disposal  pipe  samples  slightly  exceeded 
Ml’CA's  effluent  standards  for  these  parameters. 

9.  Iron,  copper,  zinc,  phenols,  and  fecal  coliforms  were  found  in  at  least  some 
samples  exceeding  the  proposed  Ml’CA  water  quality  standards.  However, 

values  exceeding  the  standards  were  found  equally  distributed  among  pre-dredging 
samples  (background),  upstream  control  samples,  and  samples  downstream  of  the 
hydraulic  cutterhead  and  disposal  pipe. 

10.  Turbidity  and  suspended  solids  values  at  5  minutes  settling  time  in  the 
set t leanil  ity  tests  were  generally  comparable  to  values  in  the  effluent  from 
the  disposal  area,  indicating  that  some  settling  occurred  in  the  disposal 
area  but  was  minor. 

11.  Daily  fluctuations  in  concentrations  of  most  parameters  were  evident  and 
tended  to  mask  any  effect  on  water  quality  resulting  from  the  dredging  and 
disposal  operations. 
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CONCLUSIONS 


The  20- inch  hydraulic  dredge,  WILLIAM  A.  THOMPSON,  dredged  at  Wild's  Bend 
(River  Mile  730,5)  from  21  September  through  25  September  1978.  Disposal 
of  the  dredged  material  occurred  in  a  confined  on-land  disposal  area,  with  a 
drop  structure  to  allow  a  return  of  water  after  a  short  retention  time. 
Microbiological,  chemical,  and  physical  effects  on  water  quality  resulting 
from  the  hydraulic  cutterhead  and  the  effluent  from  the  confined  on-land 
disposal  were  monitored. 

The  hydraulic  cutterhead  did  not  cause  any  statistically  significant  eleva¬ 
tions  in  concentrations  downstream  at  the  cutterhead  for  any  of  the  parameters 
investigated  in  this  study.  This  is  probably  attributable  to  the  dredging  of 
relatively  coarse,  clean  sediments. 

The  effluent  from  the  confined  on-land  disposal  area  contained  concentrations 
of  some  of  the  parameters  (especially  for  iron,  manganese,  and  the  physical 
parameters)  exceeding  the  pre-dredging  and  ••  tream  control  values.  However, 
iron  and  manganese  were  the  only  ones  foum  be  significantly  higher  down¬ 
stream  of  the  disposal  pipe  than  upstream  control  values.  Because  iron  and 
manganese  are  ubiquitous  on  the  Upper  Mississippi  River,  they  will  probably 
show  some  reaction  in  most  dredging  operations.  Elevations  in  concentrations 
of  some  nutrients  were  found.  However,  they  were  limited  to  the  area  immediately 
adjacent  to  the  disposal  area,  indicating  that  very  rapid  settling  and  dilution 
occurred  at  the  disposal  site. 


Some  of  the  parameters  analyzed  during  the  study  had  values  exceeding  MPCA's 
proposed  water  quality  standards.  However,  it  cannot  be  concluded  that  they 
were  a  result  of  the  dredging  or  disposal  operation,  because  they  were  equally 
distributed  among  pre-dredging  samples  (background),  upstream  control  samples, 
and  samples  downstream  of  the  hydraulic  cutterhead  and  disposal  pipe. 

No  major  degradation  of  water  quality  resulting  from  the  operation  of  a  20-inch 
hydraulic  dredge  and  the  subsequent  disposal  of  dredged  material  in  a  confined 
on-land  disposal  area  with  a  discharge  pipe  was  evidenced  in  this  study.  In 
fact,  daily  fluctuations  for  most  of  the  parameters  were  greater  than  eleva¬ 
tions  in  concentrations  resulting  from  the  dredging  and  disposal  operations. 
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READ’S  LANDING  (RIVER  MILE  76 i)  - 
MONITORING  OF  TURBIDITY  AND  SUSPENDED  SOLIDS 
CHANGES  FROM  HYDRAULIC  DREDGING 


OBJECTIVE 


The  objective  of  this  study  was  to  t.;i  turbidity  ami  suspended  solids 

changes  in  water  quali ty  result  in.;  :t  -Irani  i .  dredging  operation  at 

Read's  Landing  on  the  Upper  MEe-E.s..  .  •  1  :  . 


METHODS 


DESCRIPTION  OF  SAMPLING  SITES 

The  Read’s  Landing  dredge  cut  on  the  Upper  Mississippi  River  is  located 
near  the  mouth  of  the  Chippewa  River,  river  mile  763.  The  Chippewa 
River  carries  large  loads  of  coarse  suspended  material  which  settles 
quickly  upon  entering  the  slower  moving  Mississippi  River.  This  situ¬ 
ation  makes  Read’s  Landing  one  of  the  longest  dredge  sites  on  the  Upper 
Mississipi  River  and  one  that  requires  frequent  dredging,  approximately 
2  out  of  every  3  years.  From  1956  to  1977,  the  volume  of  material 
dredged  per  job  has  ranged  from  11,000  to  319,000  cubic  yards,  with  an 
average  of  115,400  cubic  yards  per  job. 

During  the  1978  maintenance  dredging  season,  this  site  was  dredged  twice 
with  the  WILLIAM  A.  THOMPSON,  a  hydraulic  dredge.  The  second  dredging 
started  on  11  August  1978  and  terminated  on  17  August  197S.  The  THOMP¬ 
SON  dredged  two  cuts  aoproximate ly  200  feet  by  1,650  feet  to  a  depth 
of  12  feet,  removing  43,612  cubic  vards  of  material.  The  disposal  of 
the  dredged  material  occurred  on  the  Wisconsin  side  of  the  channel  at 
approximately  river  mile  763.0  Ln  a  diked  containment  area.  The  original 
diked  containment  area  covered  approximately  24  acres  with  a  functional 
capacity  of  about  150,000  cubic  yards.  However,  previous  placement  of 
dredged  material  in  this  diked  area  had  reduced  the  capacity  by  about 
20  to  30  percent. 

EXPERIMENTAL  DESIGN 

The  sampling  program  consisted  of  2  phases.  In  the  first  phase,  water 
samples  were  collected  on  14  August  1978  from  sampling  sites  located  on 
six  transects.  Five  transects  were  located  50,  100,  200,  400,  and  800 
feet  downstream  of  the  dredging  operation;  and  one  transect,  the  control, 
was  located  600  feet  upstream  of  the  dredge  (refer  to  Figure  4).  Each 
transect  had  three  sampling  sites  (i.e.,  east,  center,  and  west).  At 
each  site,  samples  were  collected  at  two  depths,  1  foot  from  the  surface  and 
1  foot  from  the  bottom.  Samples  were  collected  simultaneously  from  sites  on 
transect  and  at  the  two  depths  previously  mentioned. 

In  the  second  phase,  water  samples  were  collected  on  15  August  1978  from 
sites  located  on  five  transects.  Four  of  the  transects  were  located  50, 

150,  350,  and  750  feet  downstream  of  the  dredging  operation;  and  one 
control  transect  was  located  600  feet  upstream  of  the  dredge  (refer  to 
Figure  5).  Each  transect  had  four  sampling,  sites  designated  east,  east- 
center,  west-center,  and  west.  Samples  were  collected  simultaneously 
from  each  of  the  four  sites  and  at  two  depths,  1  foot  from  the  surface 
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and  1  foot  from  the  bottom. 


Following  the  collection  of  water  samples,  current  velocity  was 
measured  by  drogues.  Measurements  were  taken  twice  at  2Q0 
feet  downstream  of  the  dredge  and  at  two  depths,  at  the  surface  and 
3  feet  from  the  bottom. 

ANALYSIS  METHODS 

Samples  were  chilled  after  collection  and  shipped  as  soon  as  possible 
for  laboratory  analysis.  Collection  and  analysis  of  turbidity  and 
suspended  solids  followed  guidelines  set  forth  in  "Methods  For  Chemical 
Analysis  of  Water  and  Wastes"  (EPA,  July  1974).  Analyses  were  conducted 
by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin. 

RESULTS 

FIELD  CONDITIONS 

Sample  collection  occurred  at  1330  hours  on  14  August  and  1430  hours  on 
15  August  1978,  under  sunny  skies,  and  lasted  about  1  hour.  Results  of 
current  measurements  (taken  twice  at  200  feet  downstream  of  the  dredge) 
are  shown  in  the  following  table: 


TABLE  7 

Current  Measurements  at  Read's  Landing*  (8/15/78) 


Location 

Velocity  | 

Surface 

1.30 

ft. /sec. 

Surface 

0.97 

ft. /sec. 

3  feet  from  bottom 

0.85 

ft. /sec. 

1  3  feet  from  bottom 

0.82 

ft. /sec. 

*  It  should  be  noted  that  the  current  velocities  are  general  estimates 
since  they  were  taken  with  drogues. 

TURBIDITY  AND  SUSPENDED  SOLIDS 

Turbidity  measurements  in  both  phases  of  sampling  were  well  below  the  Min¬ 
nesota  Pollution  Control  Agency  established  standard  of  25  turbidity  units 
(NTU) .  In  phase  I,  turbidity  measurements  In  near-surface  and  bottom  sam¬ 
ples  did  not  show  any  significant  variation.  The  turbidity  values  in  sur¬ 
face  samples  were  low,  ranging  from  6.0  to  7.0  NTU,  while  the  values  from 
bottom  samples  ranged  from  6.2  to  7.2  NTU  (Table  8).  In  phase  II,  turbidity 
values  in  both  near-surface  and  bottom  samples  were  also  uniform  and  low. 
Turbidity  measurements  ranged  from  5.7  to  7.8  NTU  in  near-surface  samples, 
and  5.8  to  7.7  NTU  in  near-bottom  samples  (Table  9). 


TABLE  8  Read's  Landing  Dredge  Cut  (8/14/78).  Comparison  of  Turbidity  and 

Suspended  Solids  at  Two  Depths  With  Distance  Downstream  of  a  Hydraulic 
Dredge.  (Analysis  Conducted  by  Aqua-Tech,  Inc,,  Port  Washington, 
Wisconsin.)  Phase  I. 


TABLE  8A  Turbidity  (NTU's) 

Surface  1 

Bottom  | 

Transect  j 

East 

Center 

West 

East 

Center 

West 

Distance 

from 

Dredge 

(f«t) 

Control 

7.0 

7.0 

7.0 

6.7 

6.7 

6.2 

50 

6.3 

6.3 

6.2 

7.2 

6.5 

6.3 

100 

6.3 

7.0 

6.3 

6.2 

6.3 

6.8 

200 

6.2 

6.5 

6.7 

6.8 

6.8 

6.8 

400 

6.0 

6.5 

6.7 

- 

6.8 

6.8 

6.8 

800 

6.8 

6.8 

_ _ 

6.2 

_ 

7.0 

_ 

70 

_ _ _ 

mom 

TABLE  8B  Suspended  Solids  (mg/1) 

Surface 

Bottom  j 

Transect 

East 

Center 

West 

East 

Center 

West 

Distance 

from 

Dredge 

(feet) 

Control 

13 

8.0 

13 

11 

3.3 

11 

50 

18 

18 

6.7 

7.3 

15 

5.7 

100 

7.3 

7.0 

16 

14 

4.3 

15 

200 

15 

12 

13 

14 

16 

9.7 

400 

14 

11 

13 

15 

17 

17 

800 

15 

8.7 

3.3 

6.0 

warn 

12 

m+- 
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TABLE  Read's  Landing  Dredge  Cut  (8/15/78).  Comparison  of  Turbidity  and  Suspended 

Solids  at  Two  Depths  with  Distance  Downstream  of  a  Hydraulic  Dredge. 
(Analysis  Conducted  by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin.) 

Phase  II. 


Table  9A  Turbidity  (NTU's) 


Table  9B  Suspended  Solids  (mg/1) 


On  14  August  1978,  suspended  solids  measurements  in  the  first  phase  of 
sampling  ranged  from  3.3  to  18.0  mg/'  1  in  near-surface  samples,  and  3.3 
to  17  mg/1  in  the  near-bottom  samples.  The  highest  value  (18  mg/1)  in  near¬ 
surface  samples  occurred  at  50  feet  i rom  tne  dredge  on  the  east  and  center 
sampling  sites.  In  near-bottom  samples,  tne  maximum  value  (17  mg/1)  was  noted 
at  400  feet  from  the  dredge  on  tiie  west  and  center  site  locations  (Table  8B) . 

In  the  second  phase  (15  August  1978),  suspended  solid  measurements  from  sur¬ 
face  and  bottom  samples  ranged  from  2.3  to  24  mg/l.  The  highest  suspended 
solids  value  in  near-surface  samples  (19  m,  1)  occurred  at  50  feet  from 
the  dredging  operation  on  the  east-center  i.ansect  location.  In  bottom 
samples,  the  maximum  (24  mg/l)  value  occurred  at  150  feet  from  the  dredge 
on  the  east  site.  Values  ranged  fi.-m  7  to  20  mg/l  on  the  control  transect 
located  600  feet  upstream  from  the  dredge  (Table  9ii)  . 

None  of  the  suspended  solids  values  in  phase  T  or  II  exceeded  the  MPCA 
standard  of  30  mg/l. 

STATISTICAL  EVALUATION 

Phase  I.  Analysis  of  variance  (ANOVA)  for  turbidity  and  suspended  solids 
was  conducted  by  Dr.  Frank  Martin  of  the  University  of  Minnesota.  In 
phase  1,  the  main  effects  studied  were  transect  distance  (50,  100,  200, 

400,  and  800  feet  downstream  from  the  dredge;  and  the  control,  600  feet 
upstream  from  the  dredge)  and  site  location  (east,  center,  west)  on  the 
transect.  Data  from  top  and  bottom  samples  were  analyzed  separately. 

Statistical  analysis  of  the  data  showed  that  turbidity  and  suspended  solids 
levels  from  both  near-surface  and  luar-bottom  samples  in  phase  I  were  not 
significantly  affected  by  transect  distance  from  the  dredge  (Appendix  Tabled 
A1  through  A4) .  Figures  6  and  7  show  that  mean  turbidity  values  for  transects 
upstream  or  downstream  of  the  dredge  did  not  fluctuate  by  more  than  1  NTU. 
Although  mean  suspended  solids  values  (figures  8  and  9)  for  near— surface 
and  near-bottom  samples  appear  to  decrease  with  distance  from  the  dredge, 
this  tendency  is  not  statistically  significant. 


'it  i  re,  'resents  ari  thrnetic  ncan  of  water  sanples  oil  lor  ted 
iron  three  sites  on  each  transect. 


KIC. I' Rl  G  Mean*  near-surface  turbid 
downstream  of  dredge  at  R< 


CONTROL  10  50  100  200  400  800 

Transect  Distance  From  Dredge  (Feet! 


FKTRL  7  Mean*  near-bottom  turbidity  values  (Mil)  for  transects 

downstream  of  dredge  at  Read's  Landing,  Phase  I,  8-14-78 


Data  represents  arithmetic  mean  of  water  samples 
collected  Iron  tliree  sites  on  each  transect. 


neau*  near-surlace  suspended  solius  (nig/1)  for  transects 
downstream  of  dredge  at  'lead's  !.an ding,  '"'.ase  1,  8-14-78 


.lean-  near-bottom  suspended  solids  (mg/l)  for  transects 
downstream  of  dredge  at  Read's  Landing,  Phase  I,  8-14-73 


Log  Sea 

*Data  represents  arithmetic  mean  of  water  samples  collected 
from  four  sites  on  each  transect. 


Fir, IKK  10  Mean*  near-surface  turbidity  values  (NTH)  for  transects 
downstream  of  dredge  at  Read's  Landing,  Phase  IL  8-15-78 


uislance  From  uredge  (Feet) 


Mean*  near  bettor  turbidity  values  (N7U)  for  transects 
downstream  of  dredge  at  Read’s  Landinp,  Phase  n ,  8-15-78 


Distance  From  Bredpe  (Feet) 


Fean*  near-bottom  suspended  solids  values  (mr/1)  for 

transects  downstream  of  dredr.e  at  Read's  Landing,  Tliase  11,8-15-78 


Phase  II.  In  phase  II,  the  variables  studied  were  transect  distance 
(50,  150,  350,  and  750  feet  downstream;  and  the  control  600  feet  up¬ 
stream)  and  sice  location  (west,  west-center,  east-center,  and  east). 


Statistical  analysis  of  Lurbidity  data  from  the  near-surface  samples 
showed  that  the  distance  of  the  transect  from  the  dredge  had  no  effect 
on  turbidity  (Appendix  Table  A5).  A  comparison  of  mean  concentrations 
for  each  of  the  transects  downstream  from  the  dredge  shows  fluctuations 
of  less  than  1  NTU  (Figure  10).  however,  statistical  analysis  of  tur¬ 
bidity  data  revealed  a  significant  variation  in  turbidity  with  sampling 
site  location  on  the  transects  (Appendix  Table  A5).  Compared  to  other 
sites,  turbidity  values  from  west  sampling  sites  on  all  transects  were 
higher  by  .4  NTU  (Table  9A) . 

Turbidity  concentrations  from  the  near-bottom  samples  were  not  affected 
by  transect  distance  or  site  location  (Appendix  Table  A6;  Figure  11). 

Statistical  analysis  of  suspended  solids  data  for  near-surface  and  near- 
bottom  samples  indicated  no  significant  trend  with  distance  downstream 
of  the  dredge  (Appendix  Table  A7  and  A8) .  Similarly,  site  location  had 
no  effect  on  tne  level  of  suspended  solids  in  either  near-bottom  or  near¬ 
surface  samples  (Appendix  Table  A7  and  A8  and  Figures  12  and  13). 


SUMMARY  OF  FINDINGS 


1.  Turbidity  values  in  water  samples  collected  during  dredging  on 
14  and  15  August  1978  in  phases  I  and  II,  respectively,  were  uniformly 
low  and  well  below  MPCA's  standard  of  25  NTU. 

2.  Suspended  solids  values  from  samples  collected  during  dredging 
were  below  MPCA  standards  of  30  rag/1. 


3.  Statistical  analysis  of  phase  I  data  showed  that  turbidity  and 
suspended  solids  levels  were  not  significantly  affected  by  transect 
distance.  In  addition,  turbidity  and  suspended  solids  levels  were  not 
significantly  affected  by  lateral  location  of  the  samplin"  site  on  a  tran¬ 
sect,  except  turbidity  near-surface  values.  The  turbidity  and  suspended 
solids  data  did  not  show  any  trends  with  distance  upstream  or  downstream 
of  the  dredge. 

4.  In  phase  II,  turbidity  levels  in  near-surface  samples  were  signi¬ 
ficantly  affected  by  lateral  site  location  on  the  transect.  Turbidity 
values  were  higher  on  west  sampling  sites  than  those  on  east,  east-center, 
or  west-center  sites.  This  is  probably  attributable  to  hydrological 
features  of  the  area,  rather  than  anything  associated  with  the  dredging 
operation. 


37 


5.  Turbidity  levels  in  bottom  samples  were  not  affected  by  lateral 
sampling  site  location. 

6.  Suspended  solids  values  in  both  near-surface  and  near-bottom 
samples  were  not  significantly  affected  by  transect  distance  from  the 
dredging  operation  or  lateral  site  location  on  a  transect.  The  suspended 
solids  data  did  not  show  any  trends  with  distance  from  the  dredge. 

7  .  Mean  turbidity  values  from  transects  located  upstream  and  down¬ 
stream  of  the  dredge  were  very  uniform,  fluctuating  within  1  NTU.  Mean 
suspended  solids  were  less  uniform  than  turbidity,  fluctuating  within 
5  mg/1. 

8.  Neither  turbidity  nor  suspended  solids  fit  any  model  of  a  decay 
curve  comparing  distance  from  the  dredging  operation. 

9.  The  turbidity  and  suspended  solids  values  from  the  2  davs  of  sam¬ 
pling  were  comparable,  indicating  a  relative  uniformity  in  ambient  water 
quality. 

CONCLUSIONS 


Turbidity  and  suspended  solids  levels  were  not  significantly  affected  by 
the  hydraulic  cutterhead  of  the  WILLIAM  A.  THOMPSON  at  Read's  Landing  on 
the  Upper  Mississippi  River.  Turbidity  values  from  transects  located  up¬ 
stream  and  downstream  of  the  dredge  were  comparable  and  fluctuated  within 
1  NTU.  Although  suspended  solids  levels  were  less  uniform,  these  values 
fluctuated  within  5  mg/1.  No  trends  in  turbidity  and  suspended  solids 
levels  with  transect  distance  from  the  dredge  were  noted.  It  would  appear 
that  the  dredge  was  not  acting  as  a  point  source  for  increased  levels  of 
turbidity  or  suspended  solids.  All  values  were  below  MPCA  standards. 
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UPPER  LANSING  LIGHT  (RIVER  MILE  664)  - 
MONITORING  OF  TURBIDITY  AND  SUSPENDED  SOLIDS 
CHANGES  RESULTING  FROM  HYDRAULIC  DREDGING 
AND  EFFLUENT  FROM  CONFINED  ON-LAND  DISPOSAL 


OBJECTIVE 


The  objective  of  the  study  was  to  determine  the  areal  extent  of  turbid¬ 
ity  and  suspended  solids  changes  resulting  from  a  WILLIAM  A.  THOMPSON 
hydraulic  dredging  operation  and  the  effluent  from  confined  on-land 
disposal  of  the  dredged  material. 


METHODS 


DESCRIPTION  OF  SAMPLING  SITE 

The  Upper  Lansing  Light  dredge  cut  area  is  located  approximately  1  mile 
upstream  of  Lansing,  Iowa,  at  river  mile  664  of  the  Upper  Mississippi  River. 
The  area  is  located  along  a  large  bend  in  the  main  navigational  channel 
swinging  from  the  Wisconsin  to  the  Iowa  shore.  Because  of  this  bend, 
shoaling  occurs  quite  frequently  in  this  area,  requiring  maintenance 
dredging  approximately  every  other  year.  From  1956  to  1977,  the  volume 
of  material  dredged  per  job  has  ranged  from  32,000  to  114,000  cubic  yards, 
with  an  average  per  job  of  73,400  cubic  yards. 

During  the  1978  dredging  season,  three  cuts  were  dredged  to  12  feet  with 
the  WILLIAM  A.  THOMPSON,  removing  57,294  cubic  yards  of  dredged  material. 
Work  began  on  27  September  1978  and  terminated  on  6  October  1978.  Place¬ 
ment  of  the  dredged  material  was  on  an  island  at  river  mile  664.3,  on 
the  right  descending  bank  in  Iowa.  The  disposal  was  in  a  diked  contain¬ 
ment  area  of  about  3.5  acres  with  a  capacity  of  about  60,000  cubic  yards. 
This  area  had  previously  been  used  for  dredged  material  disposal,  and 
approximately  one-half  of  the  island  was  bare  sand. 


EXPERIMENTAL  DESIGN 

Sediment .  Prior  to  dredging  operations,  three  sediment  samples  were 
collected  with  a  Ponar  bottom  sampler  from  the  area  to  be  dredged  (Figure 
14).  Particle  size  analysis  was  conducted  on  all  sediment  samples. 


Areal  Extent.  Discrete  water  samples  were  collected  during  dredging 
operations  on  28  September  1978  for  analysis  of  turbidity  and  total  sus¬ 
pended  solids.  Sample  sites  were  located  on  transects  100,  300,  600, 
1,000,  1,400,  1,500,  and  2,700  feet  downstream  from  the  effluent  pipe 
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located  at  the  on-land  disposal  area.  The  dredge  was  positioned  be- 
tween  the  1,000-and  1,400-foot  transects.  One  control  transect  was 
located  400  feet  upstream  from  the  disposal  site.  Each  transect,  with 
one  exception,  had  three  sampling  sites  designated  east,  central,  and 
west.  The  1,400-foot  transect  had  four  sites,  two  of  which  were  on 
either  side  of  the  dredge  cutterhead  (Figure  14).  At  each  site,  replicate 
samples  were  collected  at  two  depths,  1  foot  from  the  surface  and  bottom. 
Samples  were  collected  simultaneously  from  each  of  the  sites  on  a  transect, 
and  at  the  two  depths  previously  mentioned.  A  discrete  water  sample  was 
also  collected  directly  from  the  effluent  generated  from  the  confined  on- 
land  disposal. 

Following  the  completion  of  water  sampling,  current  velocity  was  measured 
with  a  pygmy  current  meter.  Measurements  were  taken  1  meter  from  surface 
and  bottom  at  two  sites  located  200  feet  downstream  from  the  dredge  (Figure 
14). 


ANALYSIS  METHODS 

Samples  were  chilled  after  collection  and  shipped  as  soon  as  possible 
for  laboratory  analysis.  Collection  and  analysis  of  turbidity  and  sus¬ 
pended  solids  samples  followed  guidelines  set  forth  in  the  U.S.  Environ¬ 
mental  Protection  Agency's  "Methods  for  Chemical  Analysis  of  Water  and 
Wastes"  July,  1974.  Particle  size  analysis  of  sediment  samples  was 
accomplished  by  use  of  standard  mesh  screens  and  hydrometer  for  finer 
particles.  Analysis  was  conducted  by  Aqua-Tech,  Inc.,  Port  Washington, 
Wisconsin. 

RESULTS 


FIELD  CONDITIONS 

Sample  collection  occurred  on  28  September  1978,  under  sunny  skies.  No 
wind  was  measurable,  and  air  temperature  was  about  65°F.  Results  of  cur¬ 
rent  measurements  are  as  follows: 

TABLE  10  Current  measurements  at 
Upper  Lansing  Light  (9/28/78) 


Site 

Location 

Velocity  (ft/sec.) 

1 

Surface 

2.93 

2 

Surface 

2.40 

1 

Bottom 

1.73 

2 

Bottom 

0.83 

PARTICLE  SIZE  ANALYSIS 

The  sediment  samples  collected  from  the  dredge  cut  consisted  mainly  of 
sand-sized  particles  (Table  11).  Medium  and  coarse  sand  comprised  about 
84  percent  and  8  percent,  respectively,  of  the  sediments.  Fine  sand¬ 
sized  particles  made  up  4  percent  of  the  sediments.  Clay,  particles 
larger  than  sand,  and  silt  made  up  about  2.5,  1.0,  and  0.6  percent, 
respectively. 

TABLE  11  Percent  Composition  of  Particle  Sizes  of  Sediments 
Collected  from  the  Lansing  Dredge  Cut  on  9/28/78 
(Analysis  Conducted  by  Aqua- Tech,  Inc.,  Port  Washing¬ 
ton,  Wisconsin. 


Sampling  Sampling  Sampling 

Classification  Site  NE  Site  SW  Site  SE 


y  sand 

0.26 

1.32 

1.37 

coarse  sand 

5.88 

9.53 

8.70 

medium  sand 

85.63 

83.59 

82.90 

fine  sand 

4.63 

3.56 

3.45 

silt 

0.40 

0.01  . 

1.39 

clay 

3.20 

1.99 

2.19 

Percent 

Summation 

100.00 

100.00 

100.00 

TURBIDITY  AND  SUSPENDED  SOLIDS 

With  three  exceptions,  turbidity  measurements  were  below  MPCA's  establi¬ 
shed  standard  of  25  turbidity  units  (NTU)  (Table  12) .  Turbidity  measure¬ 
ments  from  near  surface  and  near  bottom  samples  ranged  from  20  to  26.5 
NTU.  Values  in  excess  of  the  MPCA  allowable  limit  occurred  at  1400  feet 
distance  from  the  effluent  pipe  near  surface  on  the  west  transect  and  near 
bottom  immediately  east  of  the  dredge  cutterhead.  Values  in  excess  of  the 
allowable  limit  also  occurred  in  bottom  samples  located  at  1500  feet  on 
the  center  transect  and  2700  feet  on  the  west  transect.  Control  values 
from  400  feet  upstream  of  the  dredge  ranged  from  19.7  to  21.8  NTU  in  near¬ 
surface  samples  and  20.3  to  22.3  NTU  in  near-bottom  samples.  The  turbidity 
measurement  (52.3  NTU)  taken  directly  from  the  effluent  pipe  located  at  the 
on-land  disposal  site  was  in  excess  of  the  MPCA's  effluent  standard. 
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Suspended  solids  measurements  on  all  transects  Including  the  control 
transect  were  above  MPCA  standards  (30  mg/1)  (Table  13).  Suspended 
solids  values  ranged  from  32  to  62  mg/1  in  surface  samples,  and  33  to 
64  mg/1  in  bottom  samples.  Suspended  solids  measurements  from  the  con¬ 
trol  transects  in  surface  and  bottom  samples  ranged  from  38  to  55  mg/1. 
Suspended  so lids  values  from  samples  taken  directly  from  the  effluent 
pipe  were  110  and  109  mg/1. 


TABLE  12  Upper  Lansing  Light  Dredge  Cut  (9/28/78).  Comparison  of  Turbidity 
at  Two  Depths  With  Distance  Downstream  of  the  Effluent  Pipe  Coming 
from  the  Confined  On-land  Disposal  Site  (Analysis  Conducted  by 
Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin). 


Turbidity  (NTU's)1 


T 

ransect 

Surface 

;  Bottom 

W 

C 

E 

!  w 

C 

E 

Distance 

from 

effluent 

pipe 

(feet) 

Control 

21.8 

20.9 

21.0 

21.7 

19.7 

20.7 

22.0 

22.3 

21.0 

21.2 

21.2 

20.3 

Effluent 

Pipe 

52.3 

100 

22.7 

24.3 

24.3 

21.5 

22.2 

21.3 

23.5 

23.7 

22.0 

21.7 

21.3 

22.7 

300 

. 

22.5 

24.7 

20.8 

20.0 

21.2 

20.7 

24.7 

23.0 

24.3 

23.5 

21.7 

23.2 

600 

22.5 

22.3 

21.5 

23.0 

20.8 

20.7 

21.8 

23.3 

23.7 

22.3 

22.0 

21.2 

Phase  I 

100C 

21.8 

22.7 

21.0 

21.7 

20.5 

20.5 

21.7 

22.2 

21.2 

21.2 

21.8 

21.7 

Phase  II 

1300 

Dredge  Cutterhead 

| 

| 

14002 

23.7 

26.5 

22.7 

21.2 

21.5 

21.7 

20.5 

22.3 

23.2 

22.2 

22.2 

22.0 

22.7 

26.7 

23.2 

22.0 

1500 

22.8 

22.8 

22.0 

22.2 

21.2 

21.8 

24.3 

23.3 

26.5 

23.7 

21.7 

21.8 

2700 

24.5 

24.3 

22.5 

23.3 

22.5 

22.7 

24.0 

26.0 

23.5 

23.2 

20.2 

24.7 

1  Duplicate  samples  at  every  site. 


2  Four  samplir.g  sites  on  1400-foot  transect,  two  immediately  on  either 
side  of  the  cutterhead. 


TABLE  13  Upper  Lansing  Light  Dredge  Cut  (9/28/78).  Comparison  of  Suspended 
Solids  at  Two  Depths  With  Distance  Downstream  of  the  Effluent  Pipe 
Coming  from  the  Confined  On-land  Disposal  Site  (Analysis  Conducted 
by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin). 


Suspended  Solids  (mg/1)^ 


Bottom 


Tra.  sect 


Distance 

from 

Effluent 
Pipe 
( feet) 


Phase  I 


Phase  II 


1)  Duplicate  samples  at  every  site. 

2)  Four  sampling  sites  on  1400-foot  transect,  two  Immediately 
on  either  side  of  cutterhead. 
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STATISTICAL  EVALUATION 


The  study  was  segmented  into  two  phases  for  statistical  analyses.  The  first 
assessed  the  impacts  on  turbidity  and  suspended  solids  levels  resulting 
from  the  effluents  from  the  confined  on-land  disposal.  This  part  included 
the  samples  from  the  control  transect  and  transects  located  immediately  down¬ 
stream  of  the  effluent  pipe  up  to  the  dredge  (labeled  as  control,  100,  300, 
600,  and  1000  feet  on  Figure  14).  The  second  phase  assessed  the  changes  in 
turbidity  and  suspended  solids  resulting  from  the  hydraulic  cutterhead.  This 
phaseincluded  control  samples  from  the  transect  labeled  1000  feet  on  Figure 
14,  which  was  immediately  upstream  of  the  dredge,  as  well  as  samples  from 
transects  100,  200,  and  1400  feet  downstream  of  the  dredge  (labeled  as  1400, 
1500,  and  2700  feet  on  Figure  14).  For  each  of  the  two  parts,  near-surface 
and  near-bottom  samples  were  statistically  analyzed  separately.  Statistical 
outliers  (which  ran  from  1  to  2  percent  of  all  data)  were  eliminated  from 
the  statistical  analyses. 

Pnase  I.  In  pnase  I,  the  mean  near-surface  turbidity  values  for  transects 
located  downstream  of  the  effluent  pipe  were  .1  to  2  NTU  higher  than  for  the 
control  transect  (Figure  15).  However,  turbidity  was  approaching  control 
levels  1000  feet  downstream  of  the  effluent  pipe.  The  west  location  on 
each  of  the  transects  consistently  showed  the  highest  turbidity  readings 
and  the  east  position  the  lowest  (Table  12).  However,  these  differences 
with  distance  from  the  effluent  pipe  and  sampling  site  location  on  a  transect 
were  not  shown  to  be  significant  when  testing  with  analysis  of  variance 
(Appendix  Table  B-l) . 

The  near-bottom  samples  had  turbidity  values  similar  to  the  near-Surface 
samples,  for  phase  I.  Ilean  near-bottom  turbidity  values  for  transects  down¬ 
stream  of  the  effluent  pipe  were  1  to  2  NTl)  higher  than  for  the  control 
transect  (Figure  16).  Turbidity  peaked  at  300  feet  from  the  effluent  pipe 
and  returned  to  control  levels  at  1000  feet.  The  west  sampling  site  location 
on  a  transect  consistently  had  the  highest  turbidity  values  (Table  12).  By 
employing  analysis  of  variance,  the  trends  with  transect  distance  from  the 
effluent  pipe  and  sampling  site  locations  were  found  to  be  significant 
(Appendix  Table  B-2) . 


In  phase  I, the  standard  sampling  error  for  turbidity  was  1.9  NTU  for  near- 
surface  samples  and  0.69  NTU  for  near-bottom  samples.  The  greater  standard 
sampling  error  for  near-surface  samples  indicates  greater  fluctuations  be¬ 
tween  replicate  samples  near  the  surface  than  near  the  bottom.  The  small 
standard  error  for  near-bottom  samples  allowed  for  the  differences  in  tur¬ 
bidity  values  due  to  transect  distance  from  the  effluent  pipe  and  sampling 
site  location  on  a  transect  to  be  resolved  by  analysis  of  variance. 

When  the  mean  near-surface  suspended  solids  concentrations  for  each  transect 
from  phase  I  are  compared,  no  trend  with  distanceup  or  downstream  of  the 
effluent  pipe  can  be  seen  (Figure  17).  The  east  sampling  site  location  on 
a  transect  consistently  had  the  lowest  suspended  solids  concentrations  (Table  13). 
Testing  with  analysis  of  variance  found  that  there  were  no  significant  dif¬ 
ferences  in  suspended  solids  concentrations  due  to  transect  distance  from 
the  effluent  pipe.  However,  differences  due  to  sampling  site  position  were 
shown  to  be  significant  with  the  east  sampling  site  location  having  the  lowest 
concentrations  (Appendix  Taole  B-3) .  The  mean  for  all  near-surface  suspended 
solids  data  fron  pnase  1  is  43.4  mg/1,  with  a  standard  sampling  error  of  5.2 
mg/ 1 . 


The  mean  near-bottom  suspended  solids  concentrations  for  transects  loca¬ 
ted  downstream  of  tne  effluent  pipe  ranged  from  42.8  to  46.8  mg/1  compared 
to  the  mean  of  the  control  transect  samples,  46  m^/ 1  (Figure  18).  Figure 
18  snows  a  decrease  in  suspended  solids  from  the  control  down  to  600  feet 
below  the  eftluent  pipe,  with  a  return  to  control  levels  at  1000  feet.  As 
was  seen  for  the  near-surface  suspended  solids,  near-bottom  suspended  solids 
concentrations  were  consistently  lowest  for  the  east  location  on  a  transect 
(fable  13).  Analysis  of  variance  indicated  no  significant  differences  due 
to  distance  from  tne  disposal  site,  but  a  significant  difference  based  on  lateral 
sampling  site  location  (Appendix  B, Table  3-4). 

The  mean  suspended  solids  concentrations  of  all  near-bottom  samples  from 
phase  I  (44.7  mg/1)  was  slightly  higher  than  the  overall  mean  near-surface 
concentration  (43.4  mg/1).  The  standard  sampling  error  for  near-bottom  sam¬ 
ples  (6.8  mg/1)  was  larger  than  for  the  near-surface  samples  (5.2  mg/1), 
indicating  greater  variability  in  the  near-bottom  sample. 

Phase  II.  The  second  pilose  of  the  study  conducted  at  the  Upper  Lansing 
Light  dredge  cut  was  aimed  at  assessing  the  impacts  on  water  quality  re¬ 
sulting  from  the  hydraulic  cutterhead.  Near  the  surface,  mean  turbidity 
levels  for  transects  downstream  of  the  cutterhead  were  1  to  2  WTU  higher 
than  the  mean  for  the  transect  located  immediately  upstream  of  the  cutter¬ 
head  (Figure  19).  The  west  location  on  each  of  the  transects  had  the  highest 
values  and  the  east  location  the  lowest  (Table  12).  Testing  with  analysis 
of  variance,  differences  in  turbidity  values  due  to  transect  distance  from 
the  cutterhead  and  sampling  site  position  on  a  transect  were  both  found  to 
be  significant  (Appendix  Table  B-5) . 


Mean  near-bottom  turbidity  values  for  transects  located  downstream  of  the 
dredge  were  1  to  2  NTU  higher  than  the  mean  for  the  control  transect  (Fig¬ 
ure  20).  However,  statistical  testingof  the  near-bottom  turbidity  by  analysis 
of  variance  indicated  no  significant  differences  due  to  transect  distance 
from  the  cutterhead  or  lateral  sampling  site  location  on  a  transect  (Appendix 
Table  B-6). 

Comparing  the  standard  sampling  errors  for  turbidity  for  near-surface  samples 
and  near-bottom  samples  shows  a  trend  opposite  that  seen  for  samples  below 
the  effluent  pipe.  The  standard  sampling  error  for  turbidity  for  near-sur¬ 
face  samples  (.78)  was  less  than  for  near-bottom  samples  (1.86).  This  would 
indicate  that  the  turbidity  plume  below  the  dredge  was  more  consistent  and 
uniform  near  the  surface  than  near  the  bottom  whereas,  below  the  effluent 
pipe,  the  turDidity  plume  was  more  consistent  and  uniform  near  the  bottom 
tnan  near  the  surface. 

In  phase  II,  mean  near-surface  suspended  solids  concentrations  from  transects 
located  downstream  of  the  dredge  ranged  from  45.8  to  50.8  rag/1  compared  to 
the  mean  value  from  the  control  transect  of  46.8  mg/1  (Figure  21).  In  addition, 
the  center  location  on  the  transect  had  the  highest  near-surface  suspended 
solids  concentrations  (Table  13). 
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*p.ita  represents  arithmetic  mean  of  water  samples 
collected  from  three  sites  on  each  transect. 


Transect  Distance  I'r 


transects  downstream 
sissippi  u.i*/er,  uhas< 


*hata  represents  arithmetic  mean  of  water  samples 
collected  from  three  sites  on  each  transect. 


transects  downs tre 
Mississippi  Kiver, 


Mean*  near-bottom  turbidity  values  (NTU)  for  transects 
downstream  of  dredge  cutteriiead  at  Lansing,  Haase  11, 
9-28-78 


Trans  vet  I )  is  t  nnc  v. 


transects  dounstrean  of  dredge  cutterheaU  at  Lans 
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lean*  near  bottom  suspended  solids  (mg/1)  for  transects  Hown— 
stream  of  dredge  cutterhead  at  Lansing,  Phase  Ii,  9-28-78 


In  testing  with  analysis  of  variance,  differences  in  suspended  solids  con¬ 
centrations  due  to  transect  distance  from  the  dredge  cutterhead  and  sampl¬ 
ing  site  location  on  a  transect  were  both  significant  (Appendix  Table  B-7) . 

Near-bottom  suspended  solids  concentrations  did  not  show  any  trends  with 
distance  from  the  dredge,  being  lowest  near  the  dredge  and  highest  farthest 
from  the  dredge  (Figure  22).  The  center  locations  on  the  transects  had  the 
hignest  concentrations  and  the  east  locations  the  lowest  (Table  13).  Analy¬ 
sis  of  variance  indicated  no  significant  trends  with  distance  from  the 
cutterhead.  However,  there  was  a  highly  significant  difference  due  to 
lateral  sampling  site  location  on  a  transect  (Appendix  B  Table  B-8) .  Analy¬ 
sis  of  variance  also  yielded  a  significant  interaction  between  sampling 
site  location  and  transect  distance  from  the  cutterhead.  The  significant 
interaction  is  due  to  the  unpredictability  of  any  pattern  with  distance 
from  the  cutterhead. 

A  comparison  of  standard  sampling  error  tor  suspended  soxids  rrom  tne  two 
parts  (Table  14) ,  indicates  that  there  were  greater  variations  in  suspended 
solids  concentration  below  the  disposal  pipe  than  below  the  dredge  cutter¬ 
head.  In  addition,  both  in  the  disposal  plume  and  the  dredge  plume,  greater 
variability  was  noted  in  near-bottom  samples  than  in  near-surface  samples. 


TABLE  14  Standard  sampling  error  for  suspended  solids 

concentrations  at  Upper  Lansing  Light,  Phases  I  and  II. 


Near-surface 

Near-bottom 

Phase  I  Below  effluent  pipe 

5.2 

6.8 

Phase  II  Below  dredge  cutterhead 

'  1774 

3.59 
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SUMMARY  OF  FINDINGS 


1.  The  sediments  in  the  dredge  cut  were  very  coarse,  mainly  con¬ 
sisting  of  medium  to  coarse  sand-sized  particles,  with  only  traces  of 
silt  and  clay-sized  particles  (about  3  percent) .  Because  of  tne  re¬ 
latively  low  percentages  of  clays  and  silts,  there  is  very  little  potential 
for  najor  elevations  in  turbidity  and  suspended  solids  when  the  sediments 

are  resuspended. 

2.  Water  samples  collected  during  this  study  upstream  of  the  dredg¬ 
ing  and  disposal  operations  indicated  that  ambient  conditions  for  tur¬ 
bidity  and  suspended  solids  were  already  high.  This  finding  may  be 
attributable  to  the  high  current  velocities  on  the  day  of  the  sampling, 
averaging  2.66  feet/second  near  the  surface  and  1.28  feet/second  near 
the  bottom. 

3.  Turbidity  measurements,  with  the  exception  of  four  sites  which 
were  located  downstream  of  the  hydraulic  cutterhead,  were  below  MPCA's 
established  standard  of  25  turbidity  units  and  ranged  from  20  to  26.5 
NTU.  Suspended  solids  measurements,  including  the  control  sites,  were 
above  MPCA's  standard  of  30  mg/1  and  ranged  from  32  to  64  mg/1. 

4.  Effluent  collected  directly  from  the  effluent  pipe  had  turbidity 
and  suspended  solids  values  approximately  double  those  of  ambient  river 
water.  This  would  indicate  that  the  effluent  pipe  was  acting  as  a  point 
discharge  for  turbidity  and  suspended  solids. 

5.  Turbidity  downstream  of  the  effluent  pipe  was  elevated  over  the 
control  samples  an  average  of  1  to  2  NTU  both  near  the  surface  and  near 
the  bottom.  In  addition,  the  west  sampling  sites  on  the  transects  showed 
the  highest  turbidity  values  for  both  near-surface  and  near-bottom  samples. 
Both  of  these  trends,  with  transect  distance  and  sampling  site  position 

on  a  transect, were  found  to  be  significant  in  testing  with  analysis  of 
variance  for  the  near-bottom  samples.  In  the  near-surface  samples,  the 
trends  were  not  shown  to  be  significant.  Both  the  near-surface  and 
near-bottom  disposal  plume  had  returned  to  control  levels  1,000  feet 
downstream  of  the  effluent  pipe. 

6.  Suspended  solids  did  not  show  any  trends  with  transect  distance 
from  the  effluent  pipe  for  the  near-surface  or  near-bottom  samples. 
Suspended  solids  showed  variability  with  sampling  site  position  on  a 
transect,  the  east  location  on  a  transect  consistently  showing  the 
lowest  values.  Testing  with  analysis  of  variance  showed  that  trends  with 
transect  distance  from  the  disposal  pipe  were  not  significant,  but  trends 
with  lateral  sampling  site  location  on  a  transect  were. 
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7.  Below  the  hydraulic  cutterhead,  in  near-surface  and  near-bottom 
samples,  an  average  of  1  to  2  NTU  elevation  above  the  control  was  noted. 
Near-surface  turbidity  values  showed  variability  with  sampling  site  posi¬ 
tion  on  a  transect,  with  the  east  location  showing  the  lowest  readings. 
Through  analysis  of  variance  the  above  trends  were  found  to  be  significant 
for  near-surface  samples,  but  not  for  near-bottom  samples. 

8.  Suspended  solids  below  the  hydraulic  cutterhead  near  the 
surface  showed  a  significant  elevation  above  control  values. 

In  addition,  the  center  position  on  the  transects  showed  the  signifi¬ 
cantly  highest  concentration.  Near  the  bottom,  suspended  solids  values 
did  not  show  any  trends  with  distance  from  the  dredge,  being  lowest 
near  the  dredge  and  highest  farthest  from  the  dredge.  However,  suspended 
solid3  values  did  vary  significantly  with  sampling  site  on  a  transect.  As 
in  the  near  surface  samples,  near  bottom  suspended  solids  values  for  the 
center  position  on  the  transect  were  highest  in  concentration. 

9.  A  comparison  of  standard  sampling  errors,  which  is  a  measure 

of  variability  between  replicate  samples,  indicated  that  turbidity  near 
the  surface  below  the  disposal  pipe  and  turbidity  near  the  bottom  below 
the  cutterhead  showed  the  greatest  variability  among  replicate  samples. 

10.  A  comparison  of  standard  sampling  errors  for  suspended  solids 
indicated  that  there  was  less  uniformity  between  replicate  samples  below 
the  disposal  pipe  than  below  the  cutterhead.  In  both  cases,  near-bottom 
samples  showed  greater  variability  than  near-surface  samples. 


CONCLUSIONS 


Turbidity  increased  downstream  of  the  confined  on-land  disposal  pipe  and 
downstream  of  the  hydraulic  cutterhead  by  approximately  1  or  2  NTU.  The 
effects  of  the  disposal  pipe  on  turbidity  were  mainly  limited  to  immediately 
adjacent  the  confined  on-land  disposal  site,  with  very  little  spreading  in¬ 
to  the  main  channel.  In  addition,  1C0Q  feet  downstream  of  the  disposal  pipe, 
turbidity  had  returned  to  upstream  t_.  itrol  levels.  Below  the  hydraulic  cutter- 
head,  there  was  a  significant  elevation  in  turbidity  in  comparison  with  upstream 
control  values.  The  effects  of  the  hydraulic  cutterhead  on  turbidity 
were  mainly  limited  to  the  center  of  the  channel  and  extended  out  to  1400  feet. 
Turbidity  values  exceeding  the  MPCA  established  standard  of  25  NTU  occurred 
in  only  four  samples,  all  downstream  of  the  hydraulic  cutterhead. 

Suspended  solids  data  did  not  show  patterns  as  consistent  as  those  of  the 
turbidity  data.  Although  no  significant  increases  were  found  below  the 
effluent  pipe,  significant  increases  were  found  downstream  of  the  hydraulic 
cutterhead.  All  samples,  including  control  samples,  had  suspended  solids 
values  exceeding  the  MPCA  established  standard  of  iO  mg/1. 

Although  significant  Increases  in  turbidity  and  suspended  solids  were  found, 
actual  elevations  were  small,  probably  attributable  to  the  coarseness  of  the 
sediments  being  dredged  at  this  site. 
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POOL  1  (RIVER  MILE  852) 

MONITORING  OF  TURBIDITY  AND  SUSPENDED  SOLIDS 
CHANGES  FROM  CLAMSHELL  DREDGING  OPERATIONS 


OBJECTIVE 


The  objective  of  this  study  was  to  monitor  turbidity  and  suspended 
solids  changes  in  water  quality,  resulting  from  clamshell  dredging 
operations  in  Pool  1  of  the  Upper  Mississippi  River. 


METHODS 


DESCRIPTION  OF  SAMPLING  SITES 

The  Franklin  Avenue  Bridge  dredge  site  is  located  in  Pool  1  between  the 
Franklin  and  Washington  Avenue  Bridges  at  river  mile  852.  This  dredge 
site  is  located  in  the  heart  of  the  Twin  Cities  Metropolitan  Area.  It  is 
subject  to  frequent  dredging,  averaging  once  every  2  years.  From  1956  to 
1977,  the  quantity  of  material  dredged  per  job  at  this  site  ranged  from 
5,000  to  159,000  cubic  yards  and  averaged  37,900  cubic  yards  per  job. 

During  the  1978  maintenance  dredging  season,  nine  cuts  at  the  Franklin 
Avenue  Bridge  site  were  clamshell  dredged  to  a  depth  of  12  feet.  In  all 
of  Pool  1,  a  total  of  59,858  cubic  yards  of  material  was  removed  in  1978. 
The  dredge  operated  in  Pool  1  from  21  August  to  30  September  1978. 

Disposal  of  dredged  material  occurred  on-land,  with  direct  unloading. 

The  city  of  Minneapolis  provided  a  placement  site  at  the  old  municipal 
coal  terminal  located  above  the  Washington  Avenue  Bridge  on  the  right 
descending  bank  at  river  mile  852.7. 


EXPERIMENTAL  DESIGN 

Sediment.  Three  sediment  samples  were  collected  with  a  Ponar  bottom 
sampler  from  the  area  being  dredged.  Particle  size  analysis  was  con¬ 
ducted  on  all  samples. 

Areal  Extent.  Discrete  water  samples  were  collected  during  dredging 
operations  on  25  and  26  August  1978  for  analysis  of  turbidity  and  total 
suspended  solids.  The  water  sampling  program  consisted  of  three 
sampling  phases.  In  the  first  phase,  samples  were  collected  on  25 
August  1978  from  sites  located  on  four  transects:  25,  150,  250,  and  550 
feet  downstream  from  the  dredging  operation,  and  on  one  control  transect 
located  425  feet  upstream  of  the  dredge  (Figure  23).  Each  transect  had 
three  lateral  sampling  sites  designated  east,  central,  and  west.  At  each 
site,  samples  were  collected  at  two  depths,  1  foot  from  the  surface  and 
1  foot  from  the  bottom.  Samples  were  collected  simultaneously  at  each 
of  the  three  sites  on  a  transect  and  at  the  two  depths  stated. 
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In  the  second  phase  (conducted  25  August  78),  sample  sites  were  located 
on  two  radials  oriented  downstream  from  the  dredge  operation  (Figure 
24).  Each  radial  had  six  sampling  sites  located  at  50,  100,  200,  300, 

700,  and  1,225  feet  from  the  dredging  operation.  At  each  site,  water 
samples  were  collected  at  two  depths,  1  foot  from  the  surface  and  1  foot 
from  the  bottom.  Samples  from  the  east  radial  were  collected  prior  to 
samples  from  the  west  radial.  On  each  of  the  radials,  samples  were 
collected  simultaneously  at  the  three  sites  located  furthest  downstream 
(300,  700,  and  1,225  feet  from  the  dredge),  and  at  the  two  depths  noted. 
Following  this  collection,  samples  were  obtained  simultaneously  from  the 
sites  on  each  radial  closest  to  the  dredge  (50,  100,  and  200  feet  distance), 
and  at  the  two  depths  noted.  Following  the  completion  of  this  phase, 
current  velocity  was  measured  with  a  pygmy  current  meter.  Measurements 
were  taken  at  two  depths  and  two  sites,  located  200  feet  downstream  of 
the  dredge  (Figure  24). 

Time  Duration.  In  the  third  phase,  samples  were  collected  over  designated 
time  intervals  after  dredging  at  three  sites,  at  depths  1  foot  from  the  sur¬ 
face  and  1  foot  from  the  bottom.  The  three  sites  were  located  at  one  of  the 
control  sites  and  at  two  sites  downstream  of  the  dredge  (Figure  23)* 

ANALYSIS  METHODS 

Samples  were  chilled  after  collection  and  shipped  as  soon  as  possible  for 
laboratory  analyses.  Collection  and  analyses  of  turbidity  and  suspended 
solids  samples  followed  guidelines  set  forth  in  the  U.S.  Environmental 
Protection  Agency's  "Methods  For  Chemical  Analysis  of  Water  and  Wastes," 
July  1974.  Particle  size  analysis  of  sediment  samples  was  accomplished 
by  use  of  standard  mesh  screens  and  a  hydrometer  for  finer  particles. 
Analyses  were  conducted  by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin. 

RESULTS 

FIELD  CONDITIONS 

Sample  collection  occurred  on  25  and  26  August  1978,  under  sunny  skies. 

Air  temperature  ranged  from  50  to  70°F  during  daylight  and  night  sampling. 
Conditions  were  calm;  no  wind  was  detected;  and  wave  height  was  minimal. 
Results  of  current  measurements  are  shown  in  Table  15; 


TABLE  15  Current  Measurements  in  Pool  1  (River  Mile  852) 


Site 

Depth 

Velocity  (ft/Sec.) 

1 

Surface 

0.63 

2 

Surface 

0.83 

1 

Bottom 

0.30 

2 

Bottom 

0.37 

SEDIMENT  PARTICLE  SIZE 

The  sediment  samples  collected  from  the  dredge  cut  consisted  mainly  of 
sand-sized  particles  (Table  16).  Coarse  and  medium  sand  formed  about 
65  percent  and  27  percent  of  the  sediments,  respectively.  Clay-sized 
particles  made  up  about  5.4  percent  of  the  sediment  and  were  more  abun¬ 
dant  than  particles  larger  than  sand,  fine  sand,  or  silt-sized  particles 
(1.02,  0.65,  and  0.4  percent,  respectively). 


TABLE  16  Percent  Composition  of  Particle  Sizes  of  Sediments  Collected 

from  Pool  1  on  8/25/78  (Analysis  Conducted  by  Aqua-Tech,  Inc., 
Port  Washington,  Wisconsin). 


Classification 

Sampling 

Site  #1 

Sampling 

Site  #2 

Sampling 
Site  If  3 

>  sand 

0.00 

0.07 

2.99 

coarse  sand 

22.24 

45.74 

27.23 

medium  sand 

69.35 

47.99 

65.23 

fine  sand 

1.61 

0.01 

.65 

silt 

0.20 

0.20 

0.80 

clay 

6.60 

5.80 

— 

mam 

Percent  Summation 


100.00 


99.81 


100.00 


TABLE  17  Pool  1  Dredge  Site  (8/25/78).  Sam^a-ing  Phase  I:  Comparison  of 

Turbidity  and  Suspended  Solids  At  Two  Depths  with  Distance  Downstream 
of  a  Clamshell  Dredging  Operation  (Analyses  Conducted  by  Aqua-Tech, 
Inc.,  Port  Washington,  Wisconsin). 


TABLE  17A  Turbidity  (NTU) 


Surface  j 

Bottom 

Transect 

T.  West 

T.  Center 

T.  East 

T.  West 

T.  Center 

T.  Ea 

Control 

mm 

7.1 

8.3 

8.1 

7.3 

8.3 

25 

mm 

warn 

8.6 

5.3 

7.2 

13.5 

from 

Dredge 

(feet) 

150 

7. A 

6.7 

8.2 

6.0 

7.9 

8.1 

250 

mm 

7.0 

6.9 

6.9 

Bom 

10. A 

550 

9.8 

6.6 

7.1 

5.9 

5.9 

7.7 

TABL 

E  17B  Suspended  Solids  (mg/1) 

.  . 

Surface 

Bottom 

Transect 

T.  West 

T,  Center 

T.  East 

T.  West 

T.  Center 

T.  Eas 

Distance 

from 

Dredge 

(feet) 

Control 

2A 

17 

22 

25 

22 

30 

25 

30 

19 

18 

20 

29 

27 

150 

29 

19 

22 

20 

- 

31 

28 

250 

29 

15 

22 

31 

33 

28 

550 

27 

39 

2A 

29 

30 

26 

65 


TABLE  18  Pool  1  Dredge  Site  (8/25/78).  Sampling  Phase  II:  Comparison  of 

Turbidity  and  Suspended  Solids  at  Two  Depths  with  Distance  Downstream 
of  a  Clamshell  Dredging  Operation  (Analyses  Conducted  by  Aqua-Tech, 
Inc.,  Port  Washington,  Wisconsin). 


Transect 

Distance 

from 

Control 

50 

100 

(feet) 

200 

. 

350 

750 

1225 

Distance 

from 

Dredge 

(feet) 


Transect 


Control 


50 


100 


200 


350 


750 


1225 


Rad.  East 


.9 


6.3 


6.3 


.5 


5.8 


6.9 


5.2 


TABLE  18 A  Turbidity  (NTU  ) 
Surface 


Rad.  West 


Bottom 


Rad.  East 

Rad.  West 

8.1  7. 

3  8.3 

co 

00 

8.0 

6.9 

6.8 

TABLE  18 B  Suspended  Solids  (mg/1) 


Surface 


Bottom 


Rad.  West 


22 


33 


32 


23 


28 


2 


19 


Rad.  East 


25 


25 


20 


22 


23 


30 


24 


Rad.  West 


30 


33 


19 


32 


32 


36 


11 


Lflil 


TABLE  19  Pool  1  Dredge  Site.  Phase  III:  Comparison  of  Turbidity  and  Suspended 
Solids  Changes  Over  Time  After  Dredging  at  Three  Sites  (8/26/78). 
(Analysis  Conducted  by  Aqua-Tech,  Inc,,  Port  Washington,  Wisconsin.) 


TABLE  19 A  Turbidity  (NTU) 


Surface  j 

Bottom  ] 

Sampling  Sites 

TD-25 

TD-255  ! 

TD-C  ntr  1 

TD-25 

BS£EB 

Time 

After 

Dredging 

(Hours)* 

H 

7. A 

6.8 

m 

8.0 

8.0 

m 

1 

6.8 

8.2 

8.1 

6.8 

6.9 

ma 

IS 

7.9 

8.1 

7.3 

6.8 

8.6 

1A.3 

J 

2*4 

6.9 

7.0 

7.9 

6.9 

13.0 

■a 

AJi 

5.6 

8.2 

7.6 

6.3 

8.6 

TABLE  19 B  Suspended  Solids  (mg/1) 


Surface 

Bottom 

.  .  j 

Samp 

•ling  Sites 

TD-Control 

TD-25 

TD-2  55 

TD-Ccntrol 

TD-25 

TD-255 

Time 

After 

Dredging 

(Hours)* 

H 

23 

15 

10 

16 

22 

26 

l 

23 

13 

19 

27 

2A 

13 

Vi 

18 

11 

18 

19 

13 

18 

2H 

25 

17 

1A 

2A 

20 

1A 

4% 

. 

24 

11 

18 

23 

2A 

22 

*  Times  are  approximate.  See  Appendix  H  for  contractor's  report 
denoting  precise  times. 


TURBIDITY  AND  SUSPENDED  SOLIDS 


In  the  first  sampling  phase,  turbidity  values  ranged  from  5.3  to  13.5  NTU, 
well  below  the  established  MPCA  water  quality  standards  of  25  turbidity 
units  (Table  17A) .  Suspended  solids  measurements  from  the  first  sampling 
phase  ranged  from  15  to  39  rag/1  (Table  17B) .  Values  in  excess  of  MPCA’s 
standard  for  suspended  solids  (30  mg/1)  were  detected  in  one  case  near  the 
surface  (39  mg/1)  at  550  feet  from  the  dredge,  in  one  case  near  the  bottom 
at  150  feet  (31  mg/1)  and  in  two  cases  near  the  bottom  at  250  feet  distance 
from  dredge  (31  and  33  mg/1,  respectively).  (Table  17B). 

Turbidity  values  from  the  second  sampling  phase  showed  little  variation, 
ranging  from  5.2  to  8.3  NTU  (Table  18A) .  Suspended  solids  values  showed 
more  fluctuation  than  turbidity,  ranging  from  11  to  36  mg/1  (Table  18B) . 

Seven  water  samples  in  excess  of  the  MPCA  standard  of  30  mg/1  were  noted. 

Three  of  these  were  found  in  near-surface  samples  and  four  in  near-bottom 
samples.  Very  few  patterns  are  observable  in  comparisons  between  the  values 
in  excess  of  the  MPCA  standards  and  the  sampling  distance  downstream  of  the 
dredging  operation. 

In  the  third  phase  of  the  study  (Table  19A),  turbidity  measurements  collected 
over  time  after  dredging  ranged  from  5.6  to  8.2  NTU  in  near-surface  samples, 
and  6.3  to  14.3  NTU  in  near-bottom  samples.  Suspended  solid®  measurements 
collected  over  time  after  dredging  in  the  third  phase  of  sampling  were  all 
below  MPCA  standards.  Suspended  solids  values  ranged  from  10  to  25  mg/1 
in  surface  samples  and  13  to  27  mg/1  in  bottom  samples  (Table  19?,) . 

STATISTICAL  ANALYSIS 

Phase  I.  In  phase  I,  analysis  of  variance  (ANOVA)  was  conducted  on  turbid¬ 
ity  and  suspended  solids  data  collected  at  two  depths  from  sites  on  four 
transects  located  at  increasing  distances  from  the  dredge  and  on  one  control 
transect.  The  variables  analyzed  were  transect  distance  (i.e.,  the  control 
transect  420  feet  upstream  of  the  dredge  and  transects  25,  150,  250, 
and  550  feet  downstream  from  the  dredge)  and  site  location  (i.e.,  east,  center, 
west)  on  the  transect.  Data  from  near-surface  and  near-bottom  samples  were 
considered  separately. 

Statistical  analysis  of  near-surface  turbidity  data  showed  that  the  distance 
of  the  transect  from  the  dredge  had  no  effect  on  turbidity  (Appendix  Table  C-l) . 
A  comparison  of  turbidity  levels  (Figure  25)  from  the  control  transect  to 
overall  mean  concentrations  for  transects  downstream  of  the  dredge  showed 
a  variation  of  less  than  1  NTU.  Although  Figure  25  seems  to  show  a  trend 
of  decreasing  turbidity  with  distance  from  the  dredge,  this  tendency  is  not 
statistically  significant.  However,  statistical  analysis  of  near-surface 
turbidity  data  showed  significant  variation  in  turbidity  values  with  lateral 
site  location  (Appendix  Table  C-l).  Mean  turbidity  values  from  sites  located 
in  the  center  of  the  transects  were  lower  than  turbidity  values  from  sites 
on  the  east  or  west.  The  highest  mean  near-surface  turbidity  values  were 
noted  on  the  west  site  locations  (Table  17A) . 
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Similar  results  were  noted  in  the  analysis  of  turbidity  data  from  near-bottom 
samples  (Table  17A  and  Appendix  Table  C-2) .  Transect  distance  from  the  dredg¬ 
ing  operation  had  no  significant  effect  on  turbidity.  A  comparison  of  ra<an 
turbidity  levels  for  transects  located  upstream  and  downstream  showed  a 
variation  of  less  than  1  NTU  (Figure  26).  Lateral  site  location  significantly 
affected  turbidity  values  in  near-bottom  samples.  The  highest  turbidity 
values  were  noted  on  east  site  locations  on  all  of  the  transects. 

The  overall  mean  value  (7.6  NTU)  for  turbidity  in  near  bottom  samples  was 
slightly  higher  than  mean  turbidity  value  in  near-surface  samples  (7.4). 

Statistical  analysis  of  suspended  solids  data  for  phase  I  near-surface 
and  near-bottom  samples  showed  a  pattern  similar  to  the  results  for  tur¬ 
bidity.  In  both  near-surface  and  near-bottom  samples,  no  significant  trend 
was  evident  for  suspended  solids  based  on  distance  upstream  or  downstream 
of  the  dredge  (Appendix  Tables  C-3  and  C-4) .  The  overall  mean  suspended 
solids  values  from  each  of  the  transects  varied  by  less  than  3  mg/1  in 
near-surface  samples  and  by  6  mg/1  in  near-bottom  samples  (Figures  27 
and  28) . 

Unlike  the  turbidity  data,  site  location  was  significant  only  for  near¬ 
surface  suspended  solids  values  (Appendix  Table  C-3) .  Examination  of 
Table  178  shows  that  with  one  exception,  near-surface  suspended  solids 
values  were  lowest  at  the  center  site  location.  Near-bottom  suspended 
solids  values  were  not  significantly  affected  by  site  location  on  the 
transect  (Appendix  Table  C-4). 

The  overall  mean  value  for  suspended  solids  was  higher  in  bottom  samples 
(27.6)  than  in  surface  samples  (19.5). 

Phase  II.  In  phase  II,  analysis  of  variance  (ANOVA)  was  conducted  on  tur¬ 
bidity  and  suspended  solids  data  collected  at  two  depths  from  sites  on  two 
radials  which  wer ;  oriented  downstream  of  the  dredge.  The  variables  analyzed 
were  the  distance  from  the  dredge  (i.e.,  transects  50,  100,  200,  300,  700, 
and  1,225  feet  downstream  of  the  dredge)  and  the  radial  (i.e.,  east  or 
west)  sampled. 

Analysis  of  turbidity  data  for  surface  and  bottom  samples  showed  no  signifi¬ 
cant  trend  with  distance  downstream  (Appendix  Table  C-5  and  C-6  plus  Table 
18).  Similarly,  radial  location  had  no  effect  on  turbidity  levels.  Mean 
turbidity  values  downstream  of  the  dredge  varied  by  less  than  1  NTU  in  both 
near-surface  and  near-bottom  samples  (Figures  29  and  30). 


FIGURE  25  Mean*  near-surface  turbidity  values  (MTU)  for 


ri  'VnK  27  Mean*  m-ar-sur face  suspended  solids  values  (ro^/1)  for 
transects  downstroan  of  the  dredge  at  Pool  1  on  the 


♦Data  represents  arithmetic  mean  of  water  samples 
collected  from  three  sites  on  each  transect. 


FICl’RE  28  Mean*  near-bottom  suspended  solids 
transects  downstream  of  the  dredge 
Mississippi  River,  Phase  l,  8-25-7 


700  1  2  IS 

:.mrv  From  Precise  (Foot') 


*Data  represents  arithmetic  mean  of  water  samples 
collected  from  two  sices. 


FIGURE  32  Mean*  near-bottom  suspended 
distance  downstream  of  dre< 
River,  Phase  II,  8-25-78 


As  in  phase  I,  phase  II  turbidity  data  were  also  slightly  higher  in  near¬ 
bottom  samples  (6.9  NTU)  than  in  near-surface  samples  (6.4  NTU)  located 
downstream  of  the  dredge  (Table  18A) . 


Analysis  of  suspended  solids  data  for  phase  II  near-bottom  and  near-surface 
samples  showed  no  trends  with  distance  downstream  from  the  dredge  (Figures 
31  and  32).  Mean  suspended  solids  values  ranged  from  23  to  28.5  (Figure  31) 
mg/1  in  near-surface  samples  and  17.5  to  34  mg/1  (Figure  32)  in  near-bottom 
samples.  Radial  location  had  no  effect  on  suspended  solids  in  either  near¬ 
surface  or  near-bottom  samples.  As  in  phase  l,  elevations  of  mean  suspended 
solids  values  were  slightly  higher  in  near-bottom  samples  than  mean  near¬ 
surface  samples  (25.75  mg/1  and  24.25  mg/1,  respectively,  Table  21). 

Phase  III.  In  phase  III,  turbidity  and  suspended  solids  samples  were  col¬ 
lected  over  time  and  from  two  depths  at  locations  upstream  and  at  points 
25  and  250  feet  downstream  of  the  dredge  after  dredging  had  stopped.  Analy¬ 
sis  of  turbidity  and  suspended  solids  data  in  both  near-bottom  and  near¬ 
surface  samples  indicated  no  trend  or  decay  related  to  increasing  time  after 
dredging  (Table  19) .  By  the  time  the  sampling  for  the  time  duration  had 
begun  (40  minutes  after  dredging  stopped),  the  effects  of  dredging  on  tur¬ 
bidity  and  suspended  solids  seemed  to  be  no  longer  detectable. 

A  comparison  between  means  for  near-surface  and  near-bottom  samples  collected 
over  time  at  at  these  locations  and  means  for  surface  and  bottom  samples  from 
phase  I  and  phase  II  (Table  20)  shows  that  turbidity  values  were  not  signi¬ 
ficantly  higher  during  dredging  than  after  dredging. 

TABLE  20  Comparison  of  Mean  Turbidity  Values  (NTU) 
from  Samples  Collected  Downstream  of 
Dredge  During  Dredging  to  After  Dredg¬ 
ing  in  Pool  1 


Depth 

Near-surface  Near-bottom 

During  Dredging 

After  Dredging 

>.0  7.15 

7-7  9.0 

Generally,  mean  concentrations  for  turbidity  values,  whether  upstream  or 
downstream  of  the  dredge,  or  collected  before  or  after  dredging,  fluctuated 
no  more  than  1  to  2  NTU . 


A  comparison  of  means  for  near-surface  and  near-bottom  samples  collected 

over  time  to  means  from  phases  I  and  II  shows  that  suspended  solids  values 

were  slightly  higher  (7  to  9  mg/1)  during  dredging  than  after  dredging  (Table  21) 


TABLE  71  Comparison  of  Mean  Suspended  Solids  Values 
(mg/1)  from  Samples  Collected  Downstream  of  tiie  Dredge  During  Dredging 
to  After  Dredging  in  Pool  1 


Depth 

Near-surface  Near-bottom 

During  Dredging 

23. A5  26. A7 

After  Dredging 

14.6  19.6 

SUMMARY  OF  FINDINGS 


1.  Particle  size  analysis  indicated  that  sediments  were  principally 
composed  of  coarse  and  medium  sand-sized  particles.  A  small  percentage 
of  clay  was  also  present. 

2.  Turbidity  values  in  water  camples  collected  during  dredging  (phases 
I  and  IT)  and  after  dredging  (phase  TT.I)  ”ere  ve1 1  Kelo™  mpca  standards  for 
turbidity  (23  NTU). 

3.  Suspended  solids  values  in  water  samples  collected  after  dredging 
(phase  III)  were  below  MPCA  standards  (30  mg/1).  Values  in  excess  of  this 
standard  occurred  in  11  cases  during  phases  I  and  II,  and  range  from 

31  to  39  mg/1. 

A.  The  low  turbidity  and  suspended  solids  values  detected  in  water 
samples  are  most  likely  related  to  the  presence  of  coarse  sand-sized 
particles  in  the  dredge  cut. 


It 
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5.  Turbidity  and  suspended  solids  values  did  not  show  any  trends 
with  distance  from  the  dredge.  According  to  statistical  analysis  of 

phase  I  and  II,  the  study  indicated  that  the  dredge  was  not  acting  as 
a  point  source  for  increased  levels  of  turbidity  or  suspended  solids. 

The  levels  of  turbidity  and  suspended  solids  detected  downstream  of 
the  dredge  were  not  significantly  different  from  levels  detected  up¬ 
stream  of  the  dredge. 

6.  In  Phase  I,  lateral  site  location  on  each  transect  did  affect 
the  level  of  turbidity  in  near-surface  and  near-bottom  samples  collected 
during  dredging.  Site  location  also  had  a  significant  effect  on  near 
surface  suspended  solids  values. 

In  general,  turbidity  values  were  lowest  in  the  center  of  each  transect. 

Similarly,  suspended  solids  values  were  lowest  at  center  sites  in  near¬ 
surface  samples.  Site  location  on  a  transect  did  not  have  a  significant 
effect  on  near-bottom  suspended  solids  values. 

7.  Lateral  site  location  on  each  radial  did  not  significantly  af¬ 
fect  the  level  of  turbidity  or  suspended  solids  in  phase  II  of  the  study. 
These  results  may  have  been  due  to  the  close  position  of  the  two  radials 
to  mid-river. 

8.  The  level  of  turbidity  and  suspended  solids  was  slightly  higher 
in  near-bottom  samples  than  near-surface  samples  in  both  phase  I  and 
phase  XX.  In  addition,  phase  I  overall  bottom  turbidity  levels  were 
higher  than  those  in  phase  n.  The  higher  levels  noted  in  phase  I  are 
indicative  of  the  higher  levels  detected  on  east  location  sites. 

9.  Forty  minutes  after  dredging,  turbidity  and  suspended  solids 
values  did  not  show  any  decay  curve  trends. 

10.  Mean  turbidity  values  during  dredging  were  not  significantly 
higher  than  after  dredging. 

11.  Mean  suspended  solids  values  during  dredging  were  7  mg/1  higher 
than  after  dredging. 


CONCLUSIONS 


Although  suspended  solids  values  were  higher  (7  mg/1)  during  dredging  than 
after  dredging,  clamshell  dredging  operations  had  a  minimal  effect  on  water 
quality  In  Pool  1  of  the  Mississippi  River.  No  significant  changes  or 
trends  in  suspended  solids  values  were  noted  with  transect  distance  either 
upstream  or  downstream  of  the  dredge.  Fluctuations  in  suspended  solids 
values  were  not  significant.  Suspended  solids  values  were  for  the  most 
part  below  MPCA  standards. 

Similarly,  no  significant  changes  in  turbidity  values  were  detected  with 
distance  from  the  dredge,  nor  were  any  significant  trends  in  turbidity 
values  in  samples  collected  over  time  after  dredging.  A  comparison  of 
mean  turbidity  values  during  and  after  dredging  with  distance  downstream 
of  the  dredge  shows  a  variation  of  I”  2  NTU.  Turbidity  values  were  uni¬ 
formly  low  and  well  below  MPCA  standards. 

In  contrast,  significant  differences  in  turbidity  and  suspended  solids 
values  (with  one  exception  —  suspended  solids  values  near  bottom),  were 
noted  with  sample  site  location  on  each  of  the  transects  in  phase  I  of 
the  study.  This  result,  however,  is  most  probably  due  to  the  hydrolo¬ 
gical  features  of  this  reach  of  the  river  rather  than  a  result  of  dredging. 

At  this  dredge  site,  it  would  appear  that  a  clamshell  dredging  operation 
does  not  act  as  a  major  point  source  for  increased  levels  of  turbidity 
or  suspended  solids. 
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HEAD  OF  LAKE  PEPIN  (RIVER  MILE  784.6)  - 
MONITORING  OF  TURBIDITY  AND  SUSPENDED  SOLIDS 
CHANGES  RESULTING  FROM  CLAMSHELL  DREDGING 
OPERATIONS  (HAUSER) 


OBJECTIVE 


The  objective  of  this  study  was  to  assess  the  areal  extent  and  time 
duration  of  turbidity  and  suspended  solids  changes  resulting  from  a 
clamshell  dredging  operation  at  the  Head  of  Lake  Pepin  (Wacouta  Point  - 
river  mile  784.6). 


METHODS 


DESCRIPTION  OF  SAMPLING  SITE 

Wacouta  Point,  river  mile  784.6,  is  located  at  the  Head  of  Lake  Pepin 
on  the  Upper  Mississippi  River.  Although  this  area  has  required  dredging 
only  twice  since  1956,  the  amount  of  material  dredged  on  those  two  occasions 
was  quite  extensive:  105,000  and  400,000  cubic  yards.  The  lack  of  an  appro¬ 
priate  disposal  site  makes  disposing  of  dredge  material  on  land  in  this  area 
difficult. 

During  the  1978  maintenance  dredging  season,  a  test  was  conducted  at  the 
Head  of  Lake  Pepin  to  see  if  clamshell  dredging  was  a  feasible  dredg¬ 
ing  method  for  the  fine  material  present  at  this  site.  The  dredge 
HAUSER  operated  for  only  1  day  on  2  November  1978.  Dredged  material  was 
disposed  of  on  land  in  the  Bay  Point  Park  area  of  the  city  of  Red  Wing 
Minneso  ta . 

EXPERIMENTAL  DESIGN 

Sediment.  Six  sediment  samples  were  collected  within  the  area  to  be 
dredged  by  a  modified  Ponar  bottom  sediment  sampler  coated  with  a  non- 
metallic  paint.  The  samples  were  analyzed  for  bulk  chemical  constituents 
by  the  U.S.  Geological  Survey  Laboratory  in  Atlanta,  Georgia.  In  addition, 
three  of  the  sediment  samples  were  analyzed  for  total  particle  size  by 
Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin,  and  three  by  Missouri  River 
Division  (MRD)  Soils  Laboratory,  Omaha,  Nebraska.  MRD  also  conducted  settle- 
ability  tests  on  the  three  sediment  samples. 

Current  Velocity.  Prior  to  the  water  sampling  on  2  November  1978,  data 
on  the  magnitude  of  the  water  currents  were  collected  with  a  pygmy  current 
meter.  Measurements  were  taken  at  three  sites  near  the  dredge  at  two  depths, 
1  foot  from  the  surface  and  1  foot  from  the  bottom. 
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Areal  Extent.  This  part  of  the  study  consisted  of  two  sampling  phases. 

The  first  phase  consisted  of  taking  water  samples  along  four  transects, 
at  locations  20,  60,  320,  and  1,280  feet  downstream  from  the  dredge  and 
at  one  control  site  located  upstream  from  the  dredging  operation  (refer 
to  Figure  33) .  On  each  of  the  transects  three  sampling  sites  were  posi¬ 
tioned.  Along  a  transect,  discrete  water  samples  were  collected  simul¬ 
taneously  at  the  three  sampling  sites  and  at  two  depths,  1  foot  from  the 
surface  and  1  foot  from  the  bottom.  When  one  transect  was  completed, 
another  was  started  as  soon  after  as  possible.  This  phase  resulted  in 
the  collection  of  26  water  samples  for  analysis  of  turbidity  and  suspended 
solids. 

The  second  sampling  pnase  consisted  of  collecting  water  samples  at  mid¬ 
depth  along  two  transects  radiating  from  the  dredge  in  a  downstream 
direction  (refer  to  Figure  34).  Sampling  sites  were  positioned  along 
each  of  these  radial  transects  at  geometrically  decreasing  distances 
from  the  dredge,  starting  at  1,550  feet  and  ending  at  10  feet  from  the 
dredging,  for  a  total  of  eight  sampling  sites  on  each  transect.  Water 
samples  were  collected  simultaneously  along  the  two  transects  at  equal 
distances  downstream  of  the  dredge.  This  sampling  plan  resulted  in 
the  collection  of  16  additional  water  samples  for  turbidity  and  sus¬ 
pended  solids  analysis. 

Time  Duration.  On  2  November  1978,  the  dredge  stopped  its  activity  at 
1530  hours.  Water  samples,  for  turbidity  and  suspended  solids  analysis, 
were  collected  at  two  depths  for  three  sites  over  designated  time  inter¬ 
vals  (*t,  4»  1*  2,  and  4  hours)  after  the  dredge  had  stopped  operation. 

The  three  sampling  sites  that  were  sampled  during  the  time  duration  study 
included  the  control  site,  and  at  one  of  the  sites  on  each  of  the  20- 
and  320-foot  transects  (refer  to  Figure  33).  The  samples  were  not  taken 
simultaneously  at  the  three  sites,  but  there  was  a  precise  recording  of 
time  and  the  sequence  of  sampling  the  sites  was  consistent. 

RESULTS 

FIELD  CONDITIONS 

Weather  conditions  on  2  November  1978  were  sunny  with  low  winds.  Air 
temperature  ranged  from  50°F  to  upper  60s°F  during  the  sampling.  Current 
velocities  were  higher  near  the  surface  than  the  bottom,  having  a  mean 
velocity  of  1.18  ft/second  one  foot  below  the  surface  to  1.03  feet/second 
one  foot  above  the  bottom. 
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MISSISSIPPI  RIVER 

HEAD  OF  LAKE  PEPIN 
PHASE  I 


SAMPLING  DATE  11-2-78 


SCALE  IN  FEET 


SEDIMENT 


Particle  Size.  Particle  size  analysis  indicated  that  the  sediments  from 
the  dredge  cut  consisted  mainly  of  coarse-  to  medium-grain  sand,  with  a 
mean  percent  composition  of  the  two  grain  sizes  of  82.37  percent  (Table 
22).  Fines  (clays  and  silts)  had  a  mean  percent  composition  of  8.30,  with 
clays  more  abundant  than  silts. 

The  amount  of  fine  material  (clays  and  silts)  at  the  head  of  Lake  Pepin  is 
greater  than  that  at  many  other  dredge  cut  areas  surveyed  by  the  Army  Corps 
of  Engineers  in  1974  (GREAT  I  WQWG  -  1979).  However,  it  has  consider¬ 
ably  less  fine  material  than  that  reported  for  the  rest  oi  Lake  Pepin  (GREAT 
I  SECWG,  unpublished;  McHenry,  Ritchie,  and  Cooper,  1977). 


TABLE  22  Percent  Composition  of  Particle  Sizes  of  Sediments  Collected  from 
the  Head  of  Lake  Pepin  Dredge  Cut  on  11/2/78  (Analysis  Conducted 
by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin.). 


Classification 

S< 

ALP-1 

imp ling  Code 
ALP-2 

ALP-3 

^sand 

1.28 

0.74 

0.07 

coarse  sand 

19.08 

24.26 

10.36 

medium  sand 

65.15 

57.86 

70.47 

fine  sand 

6.90 

9.45 

9.48 

silt 

2.80 

2.83 

4.81 

clay 

4.79 

4.86 

4.81 

Percent 

Summation 

100.00 

100.00 

100.00 

Bulk  Chemical  Constituents.  Bulk  chemical  analysis  of  six  sediment  samples 
from  the  Head  of  Lake  Pepin  indicated  low  concentrations  of  metals  and  nutrients 
(Table  23).  The  values  for  most  of  the  metals  and  nutrients  are  generally 
comparable  to  those  reported  below  Pool  2  on  the  Upper  Mississippi  River, 
excluding  Lake  Pepin,  from  another  study  (GREAT  I  WQWG,  1978).  Lead,  total 
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Kjeldahl  nitrogen,  and  residue  after  loss  on  ignition  (Res.  LOI)  are  the 
only  parameters  that  showed  slight  elevations  over  those  reported  for 
sediments  below  Lake  Pepin.  However,  even  those  three  parameters  are 
considerably  below  the  values  reported  for  Lake  Pepin  and  for  areas  in  and 
above  Pool  2. 

Pesticides  were  below  the  limits  of  detection  in  all  of  the  sediment  samples. 
PCB's  were  detected  in  all  of  the  sediment  samples  in  the  1  to  2  ug/kg  range. 
These  values  are  considerably  lower  than  those  reported  in  another  Lake  Pepin 
study  (PCB  Interagency  Task  Force,  1976).  In  general,  the  dredge  cut  sediments 
were  fairly  clean,  although  it  should  be  noted  that  the  sediments  were  collected 
from  the  upper  to  middle  portion  of  the  historical  dredge  cut  and  may  not  be 
totally  reflective  of  the  lower  portion. 

TURBIDITY  AND  SUSPENDED  SOLIDS 

Phase  I.  In  sampling  phase  I,  turbidity  downstream  of  the  dredge  ranged 
from  11.7  to  16.0  NTU  1  foot  below  the  surface.  Turbidity  values  1 
foot  above  the  bottom  downstream  of  the  dredge  ranged  from  11.7  to  21.8 
NTU.  A  control  sample  taken  upstream  of  the  dredge  yielded  readings  of 
13.3  NTU  near  the  surface  and  12.7  NTU  near  the  bottom  (Table  24A) . 

Suspended  solids  downstream  of  the  dredge  ranged  from  23  to  35  mg/1  near 
the  surface  and  from  25  to  58  mg/1  near  the  bottom.  The  control  had  sus¬ 
pended  solids  values  of  24  mg/1  near  the  surface  and  52  mg/1  near  the  bot¬ 
tom  (Table  24B). 

No  turbidity  values  in  excess  of  MPCA  standards  of  25  NTU  were  noted  for 
either  the  control  sample  or  the  samples  downstream  of  the  dredge.  Suspen¬ 
ded  solids  values  near  the  surface  were  in  excess  of  MPCA  standards  in  4 
out  of  12  samples  collected  downstream  of  the  dredge.  Suspended  solids 
values  in  excess  of  MPCA  standards  of  30  mg/1  were  also  noted  in  the  control 
sample  near  the  bottom  and  in  all  but  one  of  the  near-bottom  samples  located 
downstream  of  the  dredge. 


N  KJD 


N,  Nil/,  as  N 


N  i  c  ke  1 


Oil  and  grease 


Phos.  Tot. 


Res.  LOI. 


Zinc 


Pesticides  ue/k 


Aid r in 


Chlordane 


DDD 


DDE 


DDT 


Dieldrin 


Endosulf in 


Endrin 


Hept.  Epox. 


Heptachlor 


Lindane 


Mirex 


PCB 

1 

1 

2 

2 

1 

2 

PCN 

0 

0 

0 

0 

0 

0 

Per thane 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Toxaphene 

0 

0 

0 

0 

0 

0 
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TABLE  24  Head  of  Lake  Pepin  Dredge  Site  (11/2/78).  Sampling  Phase  I: 

Comparison  of  Turbidity  and  Suspended  Solids  With  Depth  and 
Distance  Downstream  of  the  Dredge.  (Analyses  Performed  by 
Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin.) 


TABLE  24A  Turbidity  (NTU) 


Surface  . 

Bottom  .  1 

I  Transect 

.  E 

c  ! 

w  l 

E  I 

c 

W 

Control 

13.3 

12.7 

Dis tanc 
from 
dredge 
(feet) 

20 

12.7 

13.0 

12.3 

13.7 

16.0 

12.2 

60 

12.7 

16.0 

11.7 

13.3 

17.0 

12.8 

320 

13.3 

12.0 

13.3 

13.0 

12.7 

13.7 

1280 

12.3 

13.7 

12.3 

14.3 

11.7 

21.8 

TABLE  24B  Suspended  Solids  (mg/1) 


Surface 

Bottom  j 

[  Transect 

_ E _ 1  C  t  W _ 

e  [  c  i  ;  w  j 

Dis tanc 
from 
dredge 
(feet) 

Control  24  52  1 

20 

28 

32 

24 

58 

49 

30 

e 

60 

28 

32 

24 

45 

50 

25 

320 

29 

35 

24 

46 

44 

35 

1280 

28 

32 

23 

47 

43 

135* 

*Deemed  to  be  an  outlier  and  not  included  in  any  of  the  Statistical  Analyses 


Phase  II.  Sampling  phase  II  consisted  of  taking  samples  at  raid-depth  along 
two  transects  radiating  downstream  of  the  dredge  (Figure  34).  Turbidity  and 
suspended  solids  values  ranged  from  13.5  to  20.0  NTU  and  16  to  42  rag/1,  res¬ 
pectively  (Table  25). 

Turbidity  values  were  below  MPCA  standards  of  25  NTU  in  all  samples  collected 
during  this  phase  (Table  25A) .  Suspended  solids  values  in  excess  of  MPCA  stand¬ 
ards  of  30  mg/1  extended  640  feet  downstream  of  the  dredge  along  one  of  the 
radiating  transects.  The  other  radiating  transects  did  not  show  any  values 
above  MPCA  standards  (Table  25B) . 

Phase  III.  Water  samples  were  collected  over  designated  time  intervals 
after  dredging  had  stopped  in  the  area.  The  samples  collected  after  dredg¬ 
ing  had  turbidity  values  ranging  from  8,1  to  13.7  NTU  near  the  surface  and 
10.7  to  16.5  NTU  near  the  bottom  (Table  26A) .  Suspended  solids  values  ranged 
from  21  to  30  mg/1  near  the  surface  and  34  to  82  mg/1  near  the  bottom  (Table 
26B) . 

As  was  also  noted  for  the  samples  taken  during  dredging,  no  turbidity  values 
were  in  excess  of  MPCA  standards  for  any  of  the  samples  collected  during 
the  time  duration  study.  Suspended  solids  were  found  above  MPCA  standards 
in  only  one  near-surface  sample.  Near  the  bottom,  suspended  solids  were  in 
excess  of  MPCA  standards  for  all  samples,  both  at  the  control  site  and  the 
sites  downstream  of  tne  dredge. 

STATISTICAL  EVALUATION 

Phase  I.  The  phase  I  turbidity  data  was  analyzed  using  an  analysis 
of  variance  to  compare  distance  downstream  from  the  clamshell 
dredge  and  lateral  sampling  site  location  on  a  transect  (Appendix  D  ) , 

The  analysis  of  variance  showed  no  significant  difference  in  turbidity 
values  with  distance  downstream  of  the  dredge  nor  with  location  within 
the  channel  for  either  the  near-surface  or  near-bottom  samples  (Appendix  Tables 
D-l  and  D-2)  . 

Mean  turbidity  values  for  transects  located  downstream  of  the  dredge  fluc¬ 
tuated  less  than  1  NTU  for  near-surface  and  near-bottom  samples  (Figures 
35  and  36) . 

Pooling  all  the  turbidity  data  from  phase  I  samples  collected  downstream  of  the 
dredge  yields  overall  means  of  12,6  NTU  near  the  surface  and  13.7  NTU  near 
the  bottom.  A  control  sample  taken  upstream  of  the  dredge  yielded  turbi¬ 
dity  values  of  12.7  NTU  near  the  surface  and  13.3  NTU  near  the  bottom  (Table  24A) . 

Like  the  turbidity  data,  suspended  solids  data  from  phase  I  were  analyzed 
statistically.  The  analysis  of  variance  Indicated  no  significant  difference 
with  distance  downstream  of  the  dredge  (Appendix  Tables  D3  and  D4) .  However, 
there  was  a  significant  difference  based  on  lateral  sampling  site  position 
on  a  transect  for  both  near-surface  and  near-bottom  samples.  The  center 
sampling  site  positions  showed  the  highest  concentrations.  This  would  indi¬ 
cate  that  any  effects  on  suspended  solids  concentrations  caused  by  clamshell 
dredging  were  mainly  limited  to  the  center  of  the  channel. 


TABLE  25  Head  of  Lake  Pepin  Dredge  Site  (11/2/78).  Sampling  Phase  II: 

Comparison  of  Turbidity  and  Suspended  Solids  (Mid-depth)  With 
Distance  Downstream  of  the  Dredge  (Analyses  Performed  by  Aqua- 
Tech,  Inc.,  Port  Washington,  Wisconsin). 


TABLE  25A  Turbidity  (NTI& 

Distance  from  Dredge  (Feet) 


10 

20 

40 

60 

160 

320 

640 

128C 

Radial 

RDE 

14.2 

20.0 

15.3 

17.3 

19.3 

16.0 

16.5 

EE 

Transect 

RDW 

16.7 

ND 

16.7 

13.7 

14.3 

16.0 

15.8 

13.5 

TABLE  25B  Suspended  Solids  (mg/1) 
Distance  from  Dredge 


10 

20 

40 

60 

160 

320 

640 

Bl 

Radial 

RDE 

42 

35 

33 

38 

37 

34 

32 

26 

Transect 

RDW 

24 

ND 

21 

22 

22 

21 

21 

16 

ND  «  No  data. 
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TABLE  26  Head  of  Lake  Pepin  Dredge  Site  (11/2/78).  Sampling  Phase  III: 

Comparison  of  Turbidity  and  Suspended  Solids  Over  Designated 
Time  Intervals  After  Dredging  at  Three  Sites  and  at  Two  Depths. 
(Analyses  Performed  by  Aqua-Tech,  Inc.,  Port  Washington,  Wisconsin.) 


TABLE  26A  Turbidity  (NTU) 


Surface  , 

Bottom 

Sampling  Sites 

Control 

20  C 

320  C 

Control 

20  C 

320  C 

Time1) 

After 

Dredging 

(hours) 

During 

Dredging 

13.3 

13.0 

12.0 

12.7 

16.0 

12.7 

12.0 

D 

13.3 

12.8 

15.8 

12.5 

is 

11.7 

10.6 

11.7 

16.2 

14.7 

13.3 

1 

11.3 

13.7 

12.0 

13.7 

16.5 

11.7 

2 

11.3 

11.3 

11.7 

13.7 

10.7 

13.7 

4 

11.3 

9.8 

8.1 

12.8 

11.3 

12.3 

TABLE  26B  Suspended  Solids  (mg/1) 


. _ 1 

Surface 

Bottom 

■  ,  ,  -  ,  — -j 

Samp 

Ling  Sites 

Control 

20  C 

320  C 

Control 

20  C 

320  C 

Time*) 

After 

Dredging 

(hours) 

During 

Dredging 

24 

32 

35 

52 

. 

49 

44 

it 

25 

23 

30 

u 

42 

35 

25 

24 

24 

82 

38 

38 

l 

25 

23 

26 

_  _  - 

58 

34 

37 

n 

2 

26 

24 

24 

46 

33 

40 

4 

■■■'  —  »  ■  ' 

22 

22 

21 

43 

35 

35 

1)  Approximate  times.  See  contractor's  report  in  Appendix  H  for  speci¬ 
fic  times. 
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Data  represents  arithmetic  mean  of  water  samples 
collected  from  three  sites  on  each  transect. 


'lean*  near-surface  turbidity 
downstream  of  dredge  at  the  I 


Transect  Distance  From  Dredp.e  (Feet) 


FICL'RE  36  Mean*  near-bottom  turbidity  values  (NTU)  for  transects 

downstream  of  dredpe  at  the  Head  of  Fake  Pepin,  Phase  I,  11-2-78 


Fluctuations  in  mean  suspended  solids  concentrations  of  transects  located 
downstream  of  the  dredge  ranged  within  2  mg/1  near  the  surface  and  7  mg/1 
near  the  bottom  (Figures  37  an<?  38).  The  lowest  mean  concentration  of 
suspended  solids  was  found  in  the  transect  located  farthest  downstream  of 
the  dredge  (1280  feet)  for  both  near-surface  and  near-bottom  samples. 

Pooling  all  the  suspended  solids  data  from  samples  collected  downstream  of 
the  dredge  yielded  overall  means  of  28.3  mg/1  near  the  surface  and  41.6  mg/1 
near  the  bottom.  Control  samples  yielded  values  of  24  mg/1  near  the  sur¬ 
face  and  52  mg/1  near  the  bottom. 

Phase  II.  In  this  phase,  samples  were  collected  at  mid-depth.  Turbidity 
values  do  not  fit  an  exponential  decay  curve  due  to  the  low  values  at  the 
10-foot  sampling  site  (Figure  39).  Turbidity  concentrations  were  found 
to  decrease  with  distance  downstream  of  the  dredge,  but  only  by  1  or  2 
NTU.  A  regression  analysis  comparing  turbidity  values  with  distance  (on 
a  log  scale)  below  the  dredge  yields  a  flat  line,  indicating  no  significant 
trend  with  distance  below  the  dredge. 

Suspended  solids  values  were  significantly  lower  along  the  west  radial  than 
the  east  radial.  Regression  analysis  of  suspended  solids  versus  the  log 
of  the  distance  below  the  dredge  yields  non-zero  slopes  and  a  decrease  in 
concentrations  with  distance.  However,  an  exponential  decay  curve  model 
does  not  fit  the  data  well  (Figure  40).  From  Figure  40,  it  would  appear 
that  the  two  radials  produce  parallel  pictures,  with  the  east  radial  being 
somewhat  higher.  Both  radials  show  an  initial  decrease  in  suspended 
solids  concentrations  within  20  feet  of  the  dredge,  a  leveling  off  of  values 
from  20  to  640  feet,  and  another  decrease  in  values  beyond  640  feet  down¬ 
stream  of  the  dredge.  One  reason  that  values  beyond  640  feet  may  decrease 
is  that  the  river  enters  Lake  Pepin  at  this  point  and  the  widening  there 
may  result  in  better  dilution. 

Phase  III.  The  time  duration  study  was  conducted  at  3  sites:  control,  20-C, 
and  320-C  (refer  to  Figure  33) .  Decay  curves  for  turbidity  concentrations 
were  noted  only  at  the  control  site  (surface)  and  site  320-C  (surface).  (See 
Figures  41,  42,  and  43.)  Turbidity  concentrations  were  generally  highest 
in  bottom  samples,  with  a  mean  value  of  13.5  NTU,  compared  with  mean  value 
of  surface  concentrations  of  11.4  NTU.  These  values  compare  favorably  with 
control  means  for  turbidity  in  surface  and  bottom  samples  of  11.5  NTU  and 
13.7  NTU,  respectively.  All  samples  at  all  sites  were  well  within  MPCA 
standards  for  turbidity  (25  NTU). 

Concentration  of  suspended  solids  showed  similarly  poor  trends  with  time 
(Figures  44,  45,  and  46).  The  control  site  showed  the  highest  single  con¬ 
centration  of  suspended  solids,  82  mg/1,  a  value  nearly  twice  as  great  as 
the  highest  single  value  (42  mg/1)  found  below  the  dredge  site  at  station 
20-C,  19  minutes  after  dredging  (Table  26B).  All  suspended  solids  concentrations 
taken  1  foot  below  the  surface  were  within  MPCA  standards  for  this  parameter 
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ents  arithmetic  mean  of  water  samples 
■i'h  three  sites  on  each  transect. 


Mean*  near-surface  suspended  solids  values 
transects  downstream  of  dredge  at  the  Head 


Distance 


FIGURE  39  Turbidity  values  (NTU)  for  water  samples  collected 
from  east  and  west  radials  at  selected  distances  f 
1  at  the  Head  of  Lake  Pepin,  Phase  II,  11-2-78 


Distance  From  Dredge 


lues  (mp/1)  for  water  samples  collected 
radials  at  selected  distances  from  the 
Pepin,  Phase  11,  11-2-78 


Log  Scale 


FIf.L'RE  ^2  Turbidity  values  (NTH)  from  samples  collected  over  time 

from  the  trans,  ct  20  feet  downstream  of  the  dredge  at  the 
Head  of  Lake  Pepin  on  the  Mississippi  River,  Phase  III,  1 


Time  After  Dredging  (Minutes) 
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1  foot  below  the  surface  were  within  the  MPCA  standards  for  tnls  parameter 
(30  mg/1).  The  mean  concentration  of  near-surtace  samples  tatten  De- 
low  the  dredge  site  (24.1  mg/1)  compared  favorably  with  the  control 
site  mean  of  24.6  mg/1  (Table  26B) .  Samples  taken  from  1  foot  above 
the  bottom  all  exceeded  MPCA  standards.  However,  the  control  site, 
located  several  hundred  feet  upstream  of  tne  dredge  site,  showed  both 
the  highest  maximum,  82  mg/1,  and  the  highest  mean  concentration,  52.8 
mg/1,  of  all  3  sites.  The  sites  20  feet  and  320  feet  below  the  dredge 
had  mean  concentrations  of  36.4  and  37.0  mg/1,  respectively.  Concentrations 
from  below  the  dredge  site  were  consistently  lower  than  concentrations 
from  the  control. 

The  lack  of  noticeable  trends  in  the  data,  coupled  with  the  high  values 
found  at  the  control  site,  makes  it  difficult  to  determine  the  time  dura¬ 
tion  of  effects  due  to  dredging.  It  is  likely  that  the  high  current  velo¬ 
cities  which  were  noted  on  the  day  of  sampling  dissipated  the  major  effects 
of  dredging  rather  quickly  after  the  operation  stopped  (within  15  minutes). 
Fluctuations  in  parameters  noted  below  the  site  are  probably  the  combined 
result  of  natural  fluctuations  and  minor  residual  effects. 

Comparing  the  data  from  phase  I  (during  dredging)  with  the  data  from  phase 
III  (after  dredging)  shows  an  average  during -dredging  concentration  of 
about  1  NTU  and  6  mg/1  suspended  solids  higher  than  after  the  dredging 
concentration  (see  Table  27) . 

Table  27  also  shows  that  turbidity  and  suspended  solids  concentrations 
were  higher  near  the  bottom  than  the  surface. 

TABLE  27  Comparison  of  Phase  III  and  Phase  I  Data 
on  Turbidity  and  Suspended  Solids,  Head  of 
Lake  Pepin 


Turbidity  (NTU) _ ^ | _ Suspended  Solids  (mg/1) 


After  dredging  Phase  III 

Surface  Bottom 

Phase  III 

Surface  Bottom 

11.4  13.5 

23  35 

During  dredging  Phase  I 

12.6  13.7 

Phase  I 

28.3  41.6 

SUMMARY  OF  FINDINGS 


1.  Particle  size  analysis  indicated  that  the  sediments  from  the 
upper  to  middle  portion  of  the  historical  dredge  cut  were  coarse, 
consisting  mainly  of  medium  to  coarse  sand-size  particles. 

2.  Bulk  chemical  analysis  of  the  sediments  indicated  that  the 
sediments  were  fairly  free  of  contaminants.  The  only  parameters  that 
showed  slightly  higher  values  than  what  has  been  reported  below  Lake 
Pepin  were  lead,  total  Kjeldahl  nitrogen,  and  residue  after  loss  on 
ignition.  PCB’s  were  also  detected  in  the  1  to  2  parts  per  billion  range. 

3.  No  water  samples  were  found  to  be  above  the  established  MPCA  tur¬ 
bidity  standard  of  25  NTU  for  any  portion  of  this  study. 

4.  Suspended  solids  were  found  above  the  MPCA  standard  of  30  m  1 
mainly  in  the  near-bottom  samples.  Suspended  solids  near  the  bottom 
were  in  excess  of  MPCA's  standard  in  the  control  sample,  downstream  of 
the  dredge  samples,  and  after  dredging  samples.  No  relationships  were 
found  between  samples  in  excess  of  MPCA  standards  and  distance  down¬ 
stream  of  dredging  or  time  after  dredging. 

5.  Near-surface  and  near-bottom  turbidity  showed  no  statistically 
significant  difference  with  distance  downstream  of  the  dredge  or  location 
within  the  channel  for  the  phase  I  sampling.  Mean  turbidity  values  for 
transects  downstream  of  the  dredging  operation  fluctuated  within  1  NTU. 
Turbidity  values  near  the  bottom  were  higher  than  near  the  surface,  having 
overall  means  of  12.6  NTU  near  the  surface  and  13.7  NTU  near  the  bottom. 

6.  For  the  phase  I  sampling,  suspended  solids  near  the  surface  and 
near  the  bottom  did  not  show  any  significant  trends  with  distance  down¬ 
stream  of  the  dredge.  However,  there  was  a  significant  difference  based 

on  lateral  sampling  site  position  in  the  channel.  The  center  position  showed 
the  highest  values.  Suspended  solids  mean  concentrations  for  transects 
downstream  of  the  dredge  fluctuated  2  mg/1  near  the  surface  and  7  mg/1 
near  the  bottom.  Near-bottom  concentrations  of  suspended  solids  were 
higher  than  near-surface  concentrations,  having  overall  means  of  28.3 
mg/l  near  the  surface  and  41.6  mg/1  near  the  bottom. 

7.  In  phase  II,  where  samples  were  collected  at  mid-depth  along  two 
radlals  downstream  of  the  dredge,  turbidity  showed  a  lowering  of  values 
with  distance  downstream  of  the  dredge,  but  by  only  1  or  2  NTU.  How¬ 
ever,  this  trend  was  not  shown  to  be  statistically  significant. 

8.  Suspended  solids  in  phase  II  showed  a  drop  within  20  feet  of  the 
dredge,  a  leveling  off  of  values,  and  a  decrease  again  at  640  feet 
downstream  of  the  dredge. 

9.  In  the  time  duration  study  (phase  III),  no  obvious  trends  with 
decay  of  turbidity  or  suspended  solids  during  and  after  dredging  stopped 
were  noted.  It  would  appear  that  any  effects  caused  by  the  dredge  dissi¬ 
pated  by  the  time  the  first  samples  were  collected  (15  minutes). 
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10.  Comparing  the  mean  values  after  dredging  with  mean  values  during 
dredging,  a  1  NTU  elevation  in  turbidity  is  evident  during  dredging  for 
both  near-surface  and  near-bottom  samples.  Suspended  solids  concentrations 
were  5-6  mg/1  greater  during  dredging  than  after  dredging  for  both  near- 
surface  and  near-bottom  samples. 

CONCLUSIONS 

Analysis  of  sediments  from  the  eredge  cut  area  revealed  that  they  were 
composed  of  mostly  coarse,  relatively  uncontaminated  material.  This  sug¬ 
gests  that  little  potential  exists  for  major  water  quality  impacts  as  a 
result  of  dredging. 

Analysis  of  turbidity  data  indicates  no  significant  differences  in  turbid¬ 
ity  with  distance  from  the  dredge  and/or  time  after  dredging.  Mean  turbid¬ 
ity  values  were  about  1  NTU  higher  during  dredging  than  after  dredging. 

All  sites  sampled  for  turbidity  had  values  well  below  the  MPCA  standard 
of  25  NTU. 

Suspended  solids  data  showed  very  little  in  the  way  of  trends  with  either 
distance  or  time.  A  decay  trend  is  evident  in  phase  II  in  which  samples 
were  taken  at  mid-depth  along  2  radials .  In  this  phase,  suspended  solids 
values  originally  in  excess  of  MPCA  standards  fell  below  this  value  within 
1280  feet.  Suspended  solids  concentrations  in  the  study  were  generally 
highest  in  near-bottom  samples.  All  near-bottom  samples  were  in  excess 
of  MPCA  standards  for  this  parameter.  However,  the  control  site  was  also 
consistently  in  excess  of  this  standard,  indicating  that  ambient  water 
quality  was  poor  prior  to  dredging.  This  complicates  the  task  of  disting- 
uisuing  specific  effects  due  to  dredging.  In  most  cases,  however,  water 
quality  had  returned  to  ambient  within  a  short  distance  of  the  dredge 
and/or  soon  after  dredging  had  stopped.  Near-surface  concentrations  of 
suspended  solids  were  all  within  MPCA  standards.  No  substantial  trends 
were  evident  in  any  phase.  Mean  values  from  samples  collected  downstream 
of  tiie  dredge  compared  favorably  to  control  means,  indicating  only  slight 
impacts  due  to  dredging. 


BOTTOM  SEDIMENT  RECONNAISSANCE 


INTRODUCTION 


During  the  1978  maintenance  dredging  season,  a  bottom  sediment  reconnais¬ 
sance  was  conducted  for  tue  navigation  portion  of  the  Upper  Mississippi 
River.  The  bottom  sediment  reconnaissance  consisted  of  analyzing  bottom 
sediments  at  selected  dredge  sites  for  physical  and  chemical  parameters. 

The  program  was  designed  for  management  purposes  to  consider  the  naviga¬ 
tion  system  as  a  whole  rather  than  to  emphasize  specific  sites. 

The  overall  objective  of  the  reconnaissance  was  to  assist  in  the  develop¬ 
ment  of  appropriate  dredged  material  management  plans.  In  order  to  ac¬ 
complish  the  overall  objective,  many  specific  objectives  had  to  be  defined. 
The  objectives  were:  to  determine  differences  in  bottom  sediment 
quality  between  various  sampling  areas  on  the  Upper  Mississippi  River; 
to  determine  the  variability  of  bottom  sediment  quality  within  and  among 
defined  sampling  areas;  to  determine  the  influence  of  sediment  deposition 
rates  (defined  by  dredging  frequencies)  on  sediment  quality;  to  determine 
the  Influence  of  particle  size  on  sediment  quality;  to  determine  the  in¬ 
fluence  of  the  proximity  of  major  point  source  discharge(s)  on  sediment 
quality;  and  to  determine  the  retention  period  necessary  to  meet  effluent 
standards. 


METHODS 


EXPERIMENTAL  DESIGN 

In  the  design  of  the  bottom  sediment  reconnaissance,  the  assumption  was 
made  that  the  river  bottom  sediments  can  be  segmented  into  sampling  areas 
based  on  similarities  in  their  composition.  This  assumption  was  based  on 
bottom  sediment  data  collected  for  a  variety  of  purposes  and  including 
different  reaches  of  the  Mississippi  River  from  1974-1977.  From  these 
data  and  past  dredging  experience,  the  Upper  Mississippi  River  bottom  sedi¬ 
ments  were  segmented  into  the  following  sampling  areas  (see  Figure  47): 

Area  1.  Upper  Reach  -  Head  of  Navigation  to  High  Bridge  (Smith  Avenue 
Bridge) .  This  stretch  of  the  river  is  very  narrow  and  channelized  and 
flows  through  the  highly  urbanized  area  of  the  Twin  Cities.  The  sedi¬ 
ments  in  Area  1  range  from  sandy  gravel  to  gravelly  sand  (GREAT  I  WQWG, 
unpublished).  Within  this  17-raile  stretch  of  the  river,  historically, 
there  have  been  nine  dredging  sites  and  an  average  of  4.4  dredging  Jobs 
conducted  per  year. 

Area  2,  Pollution  Sinks.  These  were  defined  from  previous  sediment 
data  as  contaminated,  and  include  the  lower  portion  of  Pool  2  and  the 
head  of  Lake  Pepin.  The  lower  portion  of  Pool  2  is  located  along  and 
immediately  downstream  of  the  Twin  Cities  area.  As  a  result,  the 
area  receives  effluent  from  some  of  the  major  discharges  into  the  Upper 
Mississippi  River.  Lake  Pepin,  a  large  river  lake,  acts  as  a 
settling  basin  for  pollutants.  The  sediments  from  this  area  have  been 
shown  to  be  contaminated.  Sediments  in  these  pollution  sinks  usually 
are  finer  than  in  other  areas  on  the  Mis'fffS'BlTfn'i  River. 


109 


M!Nj\,. 


u a  l 

ST  ANTHONY 
FALLS  LSO 


rA 


^4  ST.  PAUL 
MINNEAP0LlS^Vi3p,G's 

V  L  a  0  *°  UrJ  i  YE  a  a  o  no  z 


HASTINGS 


L  a  D  NO  3  ,+V 

^  ir 


RED  WING 


’  LANS \ 
PEPIN 


Q  LSO  NO.  4 


L  a  0  NO  5 


LuDNO  SA 


WINONAu 
LBO  NO  6 


LSD  NO  a 


L  a  O  NO.  7 


|LA  CROSSE 


L  a  D  NO  9 
- ^ 


LEGEND 

I.  UPPER  REACH  -  MEAD  OF  NAVIGATION  TO 
HIGH  DRiDGE  IN  ST.  PAUL. 


MC  GREGORC 


GUTTENBERGC 


L  a  ONOJO 


2  AREAS  OF  POLLUTION  SINKS  (LOWER  POOL  2 

AND  HEAD  OF  LAKE  PEPIN)  ,, 

Figure  47 

3.  ABOVE  LAKE  PEPIN -HAST !  NGS  DAM  (NO.  2, - - 

TO  HEAD  OF  LAKE  PEPIN.  UPPER  MISSISSIPPI  RIVER 

U.  BELOW  LAKE  PEPIN  TO  LOCK  AND  DAM  5A.  1978  BOTTOM  SEDIMENT 

5.  pools  6-.o  RECONNAISSANCE 

SAMPLING  AREAS 


Area  3.  Above  Lake  Pepin  -  Lock  and  Dam  No.  2  at  Hastings,  Minnesota 
to  the  head  of  Lake  Pepin.  The  Mississippi  River  widens  through  this 
section  of  the  river.  Area  3,  located  slightly  downstream  of  the  Twin 
Cities  area,  still  receives  a  major  influence  from  the  point  and  non¬ 
point  sources  in  the  Twin  Cities  area.  Sediments  in  Area  3  consist 
of  mainly  medium-to-f ine  sands.  Historically,  there  have  been  eight 
dredge  sites  and  1.70  dredging  jobs  conducted  per  year  in  this  30-mile 
reach  of  the  river. 

Area  4.  Below  Lake  Pepin  to  Lock  and  Dam  5A.  Water  quality  and  subse¬ 
quent  sediment  quality  in  Area  4  are  greatly  influenced  by  the  presence 
of  Lake  Pepin  immediately  above  the  area.  Lake  Pepin,  a  large  river  lake 
area,  acts  as  a  settling  basin  for  pollutants  and  suspended  sediments. 

In  addition,  many  of  the  sediment  characteristics  in  Area  4  are  the  re¬ 
sult  of  the  large  input  of  coarse  sediments  into  the  Mississippi  River 
from  the  Chippewa  River.  Area  4  is  32  miles  in  length  and  historically 
there  have  been  17  dredging  sites  and  7.1  dredging  jobs  conducted  per 
year  in  this  stretch  of  the  river. 

Area  5.  Pools  No,  6-10.  The  influence  of  the  Chippewa  River  on  sediment 
characteristics  is  less  in  this  area  than  in  Area  4,  and  the  sediments 
usually  consist  of  finer  sands  than  in  Area  4.  In  Area  5,  the  Ilississippi 
River  meanders  across  a  large  floodplain.  Some  of  the  largest  popula¬ 
tion  centers  below  the  Twin  Cities  Metropolitan  Area  are  located  within 
this  reach  of  the  river.  Historically,  there  have  been  23  dredge  sites 
and  an  average  of  7.4  dredging  jobs  conducted  per  year  in  this  110-mile 
reach  of  the  river. 

Within  each  of  the  five  general  areas  described  above,  specific  dredging  sites 
were  organized  into  three  categories  based  on  dredging  recurrence  intervals. 
The  three  categories  were  defined,  based  on  historical  records, as: 

Frequent  ■  approximately  yearly  ( 50 %  chance  or  greater  of  being  dredged 
in  any  given  year) . 

Occasional  =  every  2-3  years  (26  to  49%  chance  of  being  dredged  In  any 
given  year). 

Infrequent  *  every  4  years  or  longer  (25%  chance  or  less  of  being  dredged 
in  any  given  year). 

For  each  of  the  frequency  categories  within  each  of  the  five  general 
sampling  areas,  two  dredging  sites  were  randomly  selected  from  the  set  of 
all  dredging  sites  which  satisfied  the  requirements  of  the  category  and 
sampling  area.  If  there  were  no  dredging  sites  which  satisfied  the  require¬ 
ments  of  the  category  from  one  of  the  general  sampling  areas,  then  no  samples 
were  collected  for  that  category  from  that  sampling  area.  If  only  two  or 
less  dredging  sites  satisfied  the  conditions  of  a  category  from  one  of  the 
sampling  areas,  then  that  site(s)  was  selected  for  sampling  (see  Table  28), 
From  this  hierarchal  selection  process,  26  total  sites  were  sampled  in  1978. 

Within  each  selected  dredge  site  a  hydraulic  evaluation  was  made  to  deter¬ 
mine  where  the  finer  and  coarser  sediments  should  be  located  (e.g.,  the  in¬ 
side  of  a  bend  should  have  finer  sediments  than  the  outside  of  a  bend,  etc.). 
Based  on  this  determination,  samples  were  collected  from  both  the  coarser 
and  the  finer  sediments  from  within  a  selected  dredging  site.  If  it  was 
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Table  23  1978  Bottom  Sediment  Reconnaissance  for  the  Mississippi  River 

Experimental  Design  and  Sampling  Code  for  Bottom  Sediment  Reconnaissance 


Sampling  Area 


Upper  Reach 

(Head  of  Navir 
Ration  to  High 
Bridge  in  St. 
Paul) 


Areas  of 
Pollution  Sinks 

(Lower  Pool  2 
and  La^e 
Pepin) 


Dredging  Frequency 


Above  bake 
Pepin 


(Hastings  Dam 
to  Head  of  Lake 
Pepin) 


Below  Lake 


to 

L/D  5A 


I  nf  ’•e'lnqnt 


Choice  1  Choice  2  Choice  1  Choice  2  I  Choice  1  Choice  2 


Choice  1  I  Choice  2  Choice  1  Choice  2  Choice  1  I  Choice  2 


III  I  Choice  1  Choice  2  Choice  1  Choice  2  Choice  1  Choice  2 


Choice  1  I  Choice  2  Choice  1  Choice  2  Choice  1  Choice  2 


Choice  1  Choice  2  Choice  1  Choice  2  I  Choice  1  Choice  2 


Key  to  sampling  co  !es 

1)  X  -  Ho  dredge  site  fitting 

requirements 

2)  1-V  -  Sampling  arca.i 


3)  A-B  -  frequent 
C-D  -  occasional 
E-F  -  infrequent 


4)  1  -  coarse  sediment 
2  -  fir.e  sediment 


not  possible  to  make  a  hydraulic  determination  of  particle  size,  an  on-site 
evaluation  was  made  by  probing  with  a  small  Ponar  dredge.  If  the  on-site 
evaluation  indicated  a  uniformity  of  particle  sizes  at  the  dredge  site, 
one  sample  was  collected  from  each  half  of  the  site.  Subsequently,  a  total 
of  52  samples  were  analyzed  from  26  sampling  sites  (Table  29). 

All  samples  were  collected  with  a  modified  9"  x  9"  Ponar  dredge  (an  unplated 
dredge,  painted  with  a  special  non-contaminating  paint  and  fitted  with  a 
fine  stainless  steel  screen).  Each  sample  was  a  composite  of  three  grabs 
from  an  approximately  10-foot  diameter  area  of  river  bottom. 

All  sediment  samples  were  analyzed  for  total  particle  size,  settleabliity 
and  bulk  chemical  constituents.  Sediment  samples  were  chilled  and  shipped 
to  the  laboratory  as  soon  after  collection  as  possible. 


ANALYTICAL  PROCEDURES 


Particle  Size.  Particle  size  analysis  was  conducted  on  all  bottom  sediment 
samples  by  mechanical  and  hydrometer  methods.  The  analyses  were  conducted 
by  the  U.S.  Army  Corps  of  Engineers,  Missouri  River  Division  (MRD)  Soils 
Laboratory  in  Omaha,  Nebraska,  according  to  procedures  described  in  EM  1110- 
2-1906,  Laboratory  Soils  Testing. 


Settleability  Tests.  Settleability  tests  were  conducted  on  all  sediment 
samples  by  the  U.S.  Army  Corps  of  Engineers,  Missouri  River  Division  Soils 
Laboratory  in  Omaha,  Nebraska;  1000  ml  slurries  were  prepared  in  a  graduated 
cylinder  by  agitating  a  20%  solids  and  river  water  mixture  for  10  minutes. 
The  4:1  ratio  of  water  to  soil  was  determined  by  the  following  computation: 

VT  **  100  ml  =  Ww  +  Ws  Where  VT  ■  Total  volume 

Gw  Gs  Ww  *  Weight  of  water 

Gw  -  Sp.  Gravity,  water 
Ws  *  Weight  of  soil 
Gs  »  Sp.  Gravity,  soil 

For  the  above  calculation,  specific  gravity  tests  were  run  as  necessary  to 
establish  appropriate  values  for  each  sediment  type. 

Water  samples  were  then  withdrawn  from  the  slurry  with  a  suction  bulb  at 
the  following  intervals:  0,  2,  4,  6,  24,  48,  96,  and  192  hours  or  until 
a  concentration  of  30  rag/1  suspended  solids  were  attained.  One  25  ml  sample 
per  time  interval  was  withdrawn  (5  cm  below  the  surface)  for  both  turbidity 
and  suspended  solids  analyses. 

Bulk  Chemical  Analysis.  Bulk  chemical  analysis  of  sediments  was  conducted 
by  the  U.S.  Geological  Survey  Laboratory  in  Atlanta,  Georgia.  The  analyses 
were  conducted  according  to  EPA  approved  methods. 

Statistical  Evaluation.  The  data  were  statistically  evaluated  by  Dr.  Frank 
Martin  of  the  University  of  Minnesota. 


113 


TABLE  29  1978  Bottom  Sediment  Reconnaisance  on  the  Mississippi  River 


665.4 _ Indian  Camp  Light _ OJJ _ 32 _ VD1  VD2 

664.3 _ Lansing  Upper  Light  1.1  50  VB1  VB2 


RESULTS 


GENERAL 

Chlorinated  Hydrocarbons  and  Other  Biocides.  Aldrin,  endosulfan,  heptachlor- 
epoxide,  heptachlor,  lindane,  rairex,  polychlorinated  naphthalenes  (PCN),  per- 
thane,  and  toxaphene  were  not  found  at  or  above  the  detection  limits  at  any 
of  the  sites  studied  on  the  Upper  Mississippi  River  (see  Appendix  Table 
F-l).  With  the  exception  of  endosulfan,  mirex  and  PCN  which  were  not  tested 
for  in  1974,  these  parameters  were  also  found  to  be  below  the  levels  of 
detection  in  the  1974  bottom  sediment  study  (GREAT  I  WQWG,  1978a).  Therefore, 
the  threat  to  the  aquatic  environment,  in  terms  of  toxicity  or  bioaccumulation 
of  these  parameters  when  sediments  are  resuspended  by  dredging,  is  minimal. 

Chlordane,  DDD,  DDE,  DDT,  dieldrin,  endrin,  and  polychlorinated  biphenyls  (PCB's) 
were  all  detected  in  sediments  from  at  least  one  dredge  site  studied  in  1978. 

With  the  exception  of  two  sites  in  Pools  4  and  5A  which  had  PCB's  at  detectable 
levels,  detectable  levels  of  these  parameters  were  limited  to  sites  above  Lock, 
and  Dam  No.  2  at  Hastings,  Minnesota.  This  upper  portion  of  the  navigational 
system  flows  through  the  Twin  Cities,  and  subsequently  a  multitude  of  point  dis¬ 
charges  and  extensive  urban  runoff  occurs  in  this  area.  In  addition,  the  land 
in  the  immediate  watershed  of  this  portion  of  the  river  is  extensively  farmed 
and  non-point  pollution  is  an  important  problem. 

Metals.  Arsenic,  chromium,  copper,  and  nickel  were  found  at  detectable  levels 
mainly  in  zones  I  and  II,  above  Lock  and  Dam  No.  2  at  Hastings,  Minnesota 
(see  Appendix  Table  F-l) .  Detectable  levels  of  arsenic  occurred  at  only  4  of 
the  26  sites  sampled  in  1978  and  ranged  from  1-3  micrograms  per  gram  (ug/g). 
Chromium  values  ranged  from  <10  to  30  ug/g  in  the  study  area.  Chromium  values 
of  10  ug/g  or  greater  occurred  at  6  of  the  26  sites  sampled,  of  which  only  two 
were  not  in  either  zones  I  or  II.  Copper  values  ranged  from  <10  to  100 

ug/g  in  the  study  area  and  values  of  10  ug/g  or  greater  occurred  at  only  four 

sites,  all  of  which  were  in  either  zones  I  or  II.  Nickel  values  in  the  study 
area  ranged  from  <10  to  40  ug/g  and  values  equal  to  or  greater  than  10  ug/g 
occurred  in  7  of  the  26  sites  sampled  in  1978.  Please  note  that  sites  recorded 
as  100  ug/ g  were  not  included  in  this  comparison.  All  but  two  of  these  sites 
were  in  zones  I  and  II. 

Barium,  manganese,  iron,  and  zinc  were  found  above  the  detection  limits  in 
all  of  the  zones  studied.  Barium  values  ranged  from  <10  to  210  ug/g.  Values 
for  barium  over  30  ug/g  were  found  mainly  in  zones  I,  II,  and  IV  and  in  the 
high  and  moderate  frequency  sites.  Iron  and  manganese  were  prevalent  through¬ 
out  the  study  area.  Iron  values  ranged  from  1,200  to  14,000  ug/g  and  manganese 
ranged  from  12  to  1,900  ug/g.  Zinc  values  in  the  study  area  ranged  from  <10 

to  400  ug/g.  Only  4  of  the  26  sites  studied  had  values  for  zinc  greater  than 

20  ug/g  and  these  were  all  above  Lock  and  Dam  No.  2  at  Hastings,  Minnesota. 

All  four  of  these  parameters  are  naturally  occurring  and  abundant  on  the  Upper 
Mississippi  River,  Fortunately,  all  except  zinc  are  relatively  non-toxic  to 
man  and  to  aquatic  organisms  and  in  the  case  of  manganese,  iron,  and  zinc,  are 
essential  trace  nutrients  (EPA,  1976). 


Lead  showed  some  interesting  trends  that  were  different  from  the  other  metals 
studied.  Lead  concentrations  equal  to  or  greater  than  10  ug/g  were  encountered 
quite  frequently  above  Lock  and  Dam  No.  2,  but  none  of  the  sample  sites  from 
Lock  and  Dam  No.  2  to  Lock  and  Dam  No.  5a  (zones  III  and  IV)  had  detectable 
lead  levels.  Please  note  that  samples  recorded  as < 100  were  not  included 
in  this  comparison.  Lead  then  reappears  below  Lock  and  Dam  No.  5a  and 
detectable  levels  of  lead  are  encountered  quite  frequently  in  zone  V.  A 
possible  explanation  of  this  trend  is  that  one  of  the  most  important  mechani¬ 
sms  of  lead  entering  the  environment  is  from  the  internal  combustion  engine; 
the  lead  is  subsequently  carried  by  rain  and  meltwater  via  storm  sewers  to 
the  aquatic  environment.  This,  coupled  with  the  fact  that  the  areas  with 
detectable  levels  of  lead  are  also  areas  of  urban  concentrations,  seems  to 
explain  the  trend  that  was  observed. 


Mercury  was  occasionally  found  throughout  the  study  area.  Concentrations  of 
mercury  ranged  from  0.00  to  2.2  and  were  detected  at  10  of  the  26  sites  sampled 
in  the  study  area.  Detectable  levels  of  mercury  were  mainly  limited  to  the 
low  frequency  dredging  sites.  Comparing  the  results  of  this  study  to  a  1974 
bottom  sediment  study  (GREAT  I,  WQWG,  1978a)  indicates  that  generally  much 
lower  values  for  mercury  were  recorded  during  this  study  than  in  1974. 

Chemical  oxygen  demand  (COD)  and  residue  lost  on  ignition  (LOI)  (Appendix 
Table  F-l) .  COD  varied  considerably  within  the  study  area  and  ranged  from 
1,200  to  73,000  mg/kg.  Zones  III-V  showed  fairly  consistent  readings,  with 
one  exception  (IV-E-1),  and  only  ranged  from  1,200  to  2,800  mg/kg.  Zones 
I  and  II  showed  a  wider  range  of  values,  varying  from  1,900  to  73,000  mg/kg; 
however,  they  were  consistently  higher  than  the  values  recorded  in  zones 
III-V.  In  fact,  5  of  the  10  sites  sampled  in  zones  I  and  II  had  COD  values 
over  10,000  mg /kg. 

Residue  (LOI)  values  ranged  from  681  to  123,000  rag/kg;  however,  all  but  three 
of  the  sites  (in  zones  1  and  2)  sampled  had  values  considerably  less  than 
10,000  mg/kg.  Zone  IV  showed  the  lowest  overall  concentration  of  residue  (LOI). 
This  is  probably  attributable  to  the  influence  of  the  Chippewa  River  in  this 
stretch  of  the  Mississippi  River. 

Nutrients  (Appendix  Table  F-l).  Kjeldahl  nitrogen  values  in  the  study  area 
ranged  from  22  to  9,800  mg/kg.  All  but  6  of  the  26  sites  sampled  in  1978 
had  Kjeldahl  nitrogen  values  of  less  than  500  mg/kg.  Of  the  eight  sites 
which  had  Kjeldahl  nitrogen  over  500  rag/kg,  all  but  two  were  located  in 
Zones  1  and  2  of  the  Upper  Mississippi  River. 

Ammonia  nitrogen  concentrations  varied  from  0.5  to  490  ug/g  within  the  study 
area.  Ammonia  nitrogen  values  over  10  ug/g  occurred  only  at  the  three  sites 
having  greater  than  40£  fine  material  (clays  and  silts). 

Total  phosphorous  concentrations  ranged  from  14  to  1,100  ug/g  within  the  study 
area.  All  five  of  the  zones  had  occasional  high  phosphorous  concentrations, 
suggesting  the  Influence  of  point  source  discharges. 
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Particle  Size.  Particle  size  analyses  revealed  that  most  of  the  sediments 
studied  consisted  mainly  of  sand  (see  Appendix  F,  Table  F-4) .  Typically, 
within  the  study  area,  fine  and  medium  grained  sand  particles  constituted 
more  than  95%  of  the  total  particle  size  distribution.  For  the  most  part, 
fine  materials  (silts  and  clays)  and  coarse  material  (coarse  sand  and  gravel) 
were  found  only  in  trace  amounts.  Of  the  sites  showing  trace  amounts  of 
fine  material  (1-10%)  tne  fine  material  was  mainly  made  up  of  silts  rather 
than  clays. 

However,  in  four  of  the  26  sites  sampled  in  1978,  fine  materials  constituted 
more  than  10%  of  the  total  particle  size  distribution.  Three  of  these 
sites  were  in  Pools  1  and  2  and  one  was  in  Pool  4  (Head  of  Lake  Pepin  —  RM 
784.6) (I1F1,  F2) .  These  same  four  sites  also  accounted,  in  the  bulk  chemical 
analyses,  for  most  of  the  detectable  levels  of  arsenic,  chromium,  copper, 
cyanide,  and  nickel.  In  addition,  most  of  the  relatively  high  values  that 
were  recorded  for  PCB's,  barium,  COD,  iron,  lead,  manganese,  Kjeldahl  nitro¬ 
gen,  ammonia  nitrogen,  total  phosphorous,  residue  (LOI) ,  and  zinc  occurred 
at  these  sites.  This  corroborates  the  work  done  by  others  in  which,  barring 
the  influence  of  the  close  proximity  of  a  point  or  non-point  source  of  con¬ 
taminants,  it  has  been  demonstrated  that  contaminants  tend  to  associate  with 
the  finer  sediments  (GREAT  I  WQWC,  1978). 

In  zones  III  through  V,  the  finer  sediments  within  these  zones  were  found  at 
sites  near  the  mouths  of  tributaries  or  in  places  where  the  main  channel  meanders 
through  a  large  open— water  area.  For  example,  site  III  F  was  located  near 
the  mouth  of  the  Cannon  River  and  had  a  greater  percentage  of  particles  pass¬ 
ing  through  an  80-mesh  screen  than  did  any  other  site  within  this  zone.  How¬ 
ever,  even  at  the  sites  having  finer  sediments,  the  sediments  in  these  three 
zones  were  relatively  coarse,  and  silts  and  clays  were  found  only  in  trace 
amounts . 


Settleability.  Settleability  tests  were  designed  to  approximate  the  effects  ^ 
of  hydraulic  dredging  and  of  subsequent  settling  of  the  material  in  a  confined 
disposal  area.  In  the  evaluation  of  the  1978  settleability  results  (Appendix 
F  Tables  F-2  and  F-3) ,  one  must  look  at  the  initial  concentration  after 
agitation  of  the  sediments  and  ambient  riverwater  mixture  to  determine  the 
maximum  turbidity  and  suspended  solids  generation  potential  for  a  particular 
sediment.  The  second  procedure  in  evaluating  the  results  is  to  look  at  t  e 
settling  time  or  concentration  of  suspended  material  at  a  given  time  after 
agitation  to  determine  the  length  of  time  needed  to  reach  a  certain  concen¬ 
tration  for  a  particular  sediment. 


Turbidity  and  suspended  solids  showed  similar  trends.  Initial  turbidity  and 
suspended  solids  values  ranged  from  14-45,000  FTU  and  64-189,804  mg/1,  res¬ 
pectively.  The  four  sites  that  had  more  than  10%  fine  material  (silts 
and  clays)  were  the  only  ones  which  showed  initial  turbidity  values  over 
10,000  FTU  and  suspended  solids  concentrations  over  20,000  mg/1. 
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Initial  turbidity  and  suspended  solids  values  over  300  FTU  and  1,000  mg/1 
were  mainly  limited  to  sediment  samples  having  3%  or  greater  composition 
of  silts  and  clays  and  7%  finer  than  fine  sands  (^80  mesh  screen).  With 
two  exceptions,  RM  664.3  and  741.8,  initial  turbidity  values  over  300  and 
suspended  solids  over  1,000  mg/1  were  limited  to  zones  I  and  II  and  occurred 
at  10  of  the  26  sites  sampled  in  1979.  After  4  hours  settling,  turbidity  values 
for  these  samples  ranged  from  30  to  340  FTU  and  suspended  solids  ranged  from 
68  to  404  mg/1. 

Of  the  54  sediment  samples,  42  had  initial  turbidity  values  less  than  300  FTU 
and  suspended  solids  concentrations  of  1,000  mg/1.  At  the  end  of  4  hours 
settling  time  all  the  values  for  these  42  samples  were  well  below  100  FTU, 
and  at  the  end  of  24  hours  of  settling,  all  were  below  40  FTU  with  most  of 
them  being  below  30  FTU.  At  the  end  of  24  hours  of  settling  time  all  suspended 
solids  concentrations  were  less  than  100  rag/1  and  most  were  below  60  mg/1. 

STATISTICAL  EVALUATION 


The  data  in  Tables  30,  31,  and  32  are  subject  to  drastically  skewed  varia¬ 
tions  caused  by  sampling  and  the  presence  of  point  sources  of  contaminants. 
Such  skewness  and  the  large  numbers  of  data  recorded  as  being  below  detection 
sensitivity  or  below  the  lowest  number  the  lab  publishes  make  sample  means 
an  unsatisfactory  summary  of  the  data.  The  study  does  not  afford  precise 
estimation  of  average  concentrations.  Such  a  goal  would  have  required  massive 
expenditures  which  would  not  be  justified  by  the  utility  of  such  information. 
The  study  illustrates  ranges,  presence  and  absence,  and  the  relative  compari¬ 
son  among  the  levels  of  each  factor.  The  study  was  intended  to  be  analytical 
in  nature,  with  the  detection  of  differences  among  zones  as  a  major  goal.  The 
nature  of  this  data  suggests  the  use  of  rank  statistics  for  these  analytical 
purposes.  The  Friedman  analysis  of  variance  for  ranked  data  is  used  in 
analysis. 

Analysis  by  Zone.  In  each  zone,  data  is  collected  at  six  factorial  designa¬ 
tions  (frequency  by  sediment  size)  and  the  five  zones  are  comparable  at  each 
of  these  levels.  At  each  of  these  six  levels  the  approximately  ten  observa¬ 
tions  were  used  to  rank  the  zones  from  1  (for  least  contaminated)  to  5  (for 
most  contaminated).  This  was  done  for  each  of  the  15  parameters  mentioned 
in  Tables  31  and  32.  On  each  parameter  a  6-by-5  Friedman  two-way  analysis 
of  variance  was  conducted  to  test  for  significant  differences  between  zones. 

An  example  of  this  analysis  is  presented  for  manganese  in  Table  30.  All 
other  analyses  in  Tables  31  and  32  are  similar.  In  Table  30  the  ranks 
in  quotes  were  estimated  or  supplied  by  missing  value  techniques  and  the 
statistical  test  is  done  on  the  rank  sums  at  the  bottom  of  the  table  which 
also  supply  overall  or  average  rankings  of  zones. 
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Table  30  Rank  Analysis  of  Manganese  by  Zone 


Zone  I 

Zone  II 

Zone  Hi 

Zone  iv 

Zone  v 

Sample  Level 

Rank 

Rank 

Rank 

Rank 

Rank 

Frequent  Coarse 

2 

— 1“ 

— r~ 

4 

5 

Frequent  Fine 

4 

r 

2 

3 

1 

Occasional  Coarse 

2 

3 

4 

5 

1 

Occasional  Fine 

2 

5 

2 

4 

2 

Infrequent  Coarse 

3 

2 

5 

4 

1 

Infrequent  Fine 

2 

3 

5 

4 

1 

R  *  rank  sum 

15 

19 

21 

24 

11 

(r)  =  average  rank 

(2) 

(3) 

(4) 

(5) 

(1) 

The  ranks  were  determined  directly  from  the  data  in  Appendix  F.  The  missing 
values  are  supplied  by  a  procedure  which  protects  the  validity  of  the  Rank 
Sum  Test.  In  this  example  the  rank  sum  statistic  is  not  statistically  signi¬ 
ficant  at  p<.05.  A  summary  of  the  analyses  of  12  parameters  is  presented 
in  Table  31.  Statistically  significant  differences  between  zones  are  noted 
ly  *  for  p<". 05  and  **  for  p<. 01. 


Table  31  Rank  Analysis  by  Zone:  Chemical  Parameters 


Zone  I 

Zone  II 

Zone  III 

Zone  IV 

Zone  V 

Parameter 

R(r) 

R(r) 

R(r) 

R(r) 

R(r) 

Barium 

16(3) 

15.5(2) 

13(1) 

25.5(5) 

20(4) 

COD** 

27(4.5) 

27(4.5) 

11.5(1.5) 

11.5(1.5) 

13(3) 

Iron* 

17(3) 

25.5(5) 

23(4) 

15(2) 

9.5(1) 

Lead** 

25.5(5) 

23(4) 

10(1.5) 

10(1.5) 

21.5(3) 

Manganese 

15(2) 

19(3) 

21(4) 

24(5) 

11(1) 

Mercury 

13(1) 

20(4) 

19(3) 

23(5) 

15(2) 

Kjeldahl  Nitrogen 

24(4.5) 

24(4.5) 

11(1.5) 

19.5(3) 

11.5(1.5) 

NH4  Nitrogen 

22(4) 

25(5) 

18(3) 

12.5(1.5) 

12.5(1.5) 

Nickel 

25(5) 

23(4) 

14(2) 

14(2) 

14(2) 

Phosphorus 

20(3) 

23(5) 

14(2) 

21(4) 

12(1) 

Residue  (LOT)** 

22.5(4) 

24(5) 

16(2) 

6(1) 

21.5(3) 

Zinc* 

25(5) 

24(4) 

17(3) 

14(2) 

moi  .. 

Total  for  (r)** 

44 

50 

28.5 

33.5 

24 

Rank  Overall 

(4) 

(5) 

(2) 

(3) 

(1) 

i.  .  ■ 


119 


The  test  for  significant  differences  between  zones  was  conducted  on  the  over¬ 
all  rank  sum  at  the  bottom  of  Table  31  and  was  highly  significant.  Zone  II 
with  overall  rank  (5)  had  the  consistently  highest  parameter  values  with  Zone 
I  next  highest.  Zone  V  was  lowest  but  not  far  below  zone  III.  Of  specific 
interest  in  Table  31  is  the  high  rank  of  lead  in  zone  V,  which  includes  Winona 
and  La  Crosse.  COD  is  much  elevated  in  zones  I  and  II,  and  Residue  (LOI) 
was  very  consistently  lowest  in  zone  IV.  Zinc  shows  a  graduation  inversely 
related  to  distance  downriver. 

Table  32  presents  the  same  analysis  of  ranks  for  the  physical  parameters  in 
Appendix  Tables  F-2,  F-3,  and  F-4. 


Table  32  Rank  Analysis  by  Zone:  Physical  Parameters 


Zone  I 

Zone  II 

Zone  III 

Zone  IV 

Zone  V 

R(r) 

R(r) 

R(r) 

R(r) 

R(r) 

"zr.y(4) 

26.5(5) 

13.5(2) 

14(2) 

T4-;3T2) 

12.5(2) 

24.5(5) 

12(1) 

13(3) 

13.5(4) 

11*5(41 

23.5(5) 

11.5(2) 

12(3j 

10.5(1) 

10 

15 

5 

8 

7 

(3.5) 

(5) 

(1) 

(3.5) 

(2) 

solids  and 

turbidity. 

lowest  rank 

means  clearest 

Characteristic 
%  of  Fine  Sediment 
Suspended  Solids  at  4  hr. 
Turbidity  at  4  hr. 

Total  for  (r) 

Rank  Overall 


water  in  the  test'  results.  Zone  III  was  clearest  and  zone  II  was  murkiest. 

Zone  II  was  in  fact  defined  to  be  those  parts  of  the  dredge  cut  population 
where  high  amounts  of  fines  could  be  found. 

Samples  IA2  (68%  fines),  IIA2  (83%  fines),  IIC2  (68%  fines),  and  IIF2  (22% 
fines)  were  drastically  higher  in  fines  than  all  others  and  IIF2  is  a  distant 
fourth  in  this  set.  Especially  the  first  three  of  these  samples  contained  the 
high  (or  in  some  cases  detectable)  levels  of  PCB's,  chlordane,  DDE,  arsenic, 
chromium,  and  copper  in  Appendix  Table  F-l.  They  also  accounted  for  the  very 
high  levels  of  all  other  parameters  In  Table  F-l.  There  Is  clearly  a  very 
strong  relationship  between  fines  and  elevated  levels  of  contaminants. 

The  effect  of  point  sources  on  the  data  is  illustrated  in  particular  in  the 
IVD  samples  which  show  unusually  and  consistently  high  levels  of  phosphorous 
and  barium.  They  are  known  to  be  in  close  downstream  proximity  to  the  Fountain 
City  treatment  plant  effluent  source. 


General  conclusions  are  that  zone  II  dredge  sites  are  most  contaminated,  with 
zone  I  a  close  second.  Zones  I  and  II  also  contain  sites  with  very  high  levels 
of  fines.  Zone  III  has  dredge  sites  with  the  cleanest  physical  parameters  and 
zone  V  has  sites  with  the  lowest  chemical  parameters.  Zones  III,  IV,  and  V  are 
relatively  comparable  and  substantially  below  zones  I  and  II.  All  these  conclu¬ 
sions  are  stated  in  the  context  of  being  on  the  average. 

Analysis  by  Frequency.  The  same  rank  analysis  is  done  but  the  layout  now  con¬ 
sists  of  3  columns  for  dredging  frequency  and  10  sample  levels  for  zone  by  par¬ 
ticle  size.  Tables  33  and  34  contain  the  chemical  and  physical  analyses  respec¬ 
tively.  The  only  parameter  which  showed  a  statistically  significant  difference 
due  to  frequency  of  dredging  was  COD.  COD  was  highest  in  frequently  dredged 
sediments  and  consistently  low  in  infrequently  dredged  sediments.  Infrequently 
dredged  sediments  were  generally  lower  but  with  two  notable  exceptions  in  the 
chemical  parameters.  Nitrogen  and  Mercury,  where  they  were  highest. 


Table  33  Rank  Analysis  by  Frequency:  Chemical  Parameters 


Frequent  Occasional  Infrequent 


Parameter 

R(r) 

R(r) 

R(r) 

Barium 

22.5(3) 

20(2) 

17.5(1) 

COD* 

25(3) 

21(2) 

14(1) 

Iron 

22.5(3) 

21.5(2) 

16(1) 

Lead 

14.5(3) 

10.5(1) 

11(2) 

Manganese 

20.5(2) 

25(3) 

14.5(1) 

Mercury 

17(1) 

19.5(2) 

23.5(3) 

Kjeldahl  Nitrogen 

14(1) 

22.5(2) 

23.5(3) 

NH4  Nitrogen 

16(1) 

22(2.5) 

22(2.5) 

Nickel 

11(2) 

12(3) 

7(1) 

Phosphorus 

19(2) 

23.5(3) 

17.5(1) 

Residue  (LOI) 

19(1.5) 

22(3) 

19(1.5) 

Zinc 

19(2) 

25.5(3) 

15.5(1) 

Total  for  (r) 

24.5 

28.5 

19 

Rank  Overall 

(2) 

(3) 

(1) 
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The  physical  parameters  In  Table  34  show  no  significant  differences  due 
to  dredging  frequency,  but  do  suggest  a  minor  and  tentative  contradiction 
insofar  as  frequently  dredged  sites  showed  high  levels  of  fine  material  but 
were  also  the  ones  which  settled  more  quickly.  There  is  no  effective  rank¬ 
ing  by  physical  characteristics. 


Table  34  Rank  Analysis  by  Frequency:  Physical  Parameters 


Frequent 

Occasional 

Infrequent 

Characteristic 

R(r) 

R(r) 

R(rl 

%  Fine  Sediment 

21.5(3) 

20(2) 

18.5(1) 

Suspended  Solids  at  4  hr. 

18.5(1) 

19(2) 

22.5(3) 

Turbidity  at  4  hr. 

16(1) 

24(3) 

20(2) 

Total  for  (r) 

5 

7 

6 

Overall  rank 

(1) 

(3) 

(2) 

SUMMARY  OP  FINDINGS 

1.  Biocides  and  PCB  contamination  of  the  sediments  were  mainly  found  in  zones 
I  and  II,  in  relatively  low  concentrations. 

2.  Heavy  metals  followed  metal-specific  trends.  Arsenic,  chromium,  copper, 
and  nickel  were  detected  in  only  a  few  sites  within  the  study  area  and  these 
sites  were  mainly  limited  to  zones  I  and  IX,  whereas  barium,  manganese,  iron, 
and  zinc  were  distributed  throughout  the  system.  Lead  distribution  seemed 

to  be  closely  associated  with  proximity  to  urban  areas.  Mercury  was  found 
occasionally  throughout  the  study  area. 

3.  KJeldahl  nitrogen  and  ammonia  nitrogen  showed  a  wide  range  of  values 
within  the  study  area,  but  extremely  high  concentrations  were  limited  to  the 
samples  having  more  than  40%  fine  material  (clays  and  silts).  Occasional 
high  values  of  total  phosphorous  occurred  throughout  the  study  area  suggesting 
the  influence  of  point  dischargers. 

4.  Particle  size  analysis  indicated  that  most  of  the  sediments  studied  were 
(Darse  and  would  be  classified  as  sand.  Fine  material  was  found  only  in  trace 
amounts,  except  at  four  sites  which  had  more  than  10%  fine  material.  These 
same  four  sites  accounted  for  most  of  the  detectable  levels  or  high  con¬ 
centrations  of  the  chemical  parameters  that  were  investigated  in  this  study. 

In  zones  III  through  V,  the  finer  sediments  within  these  zones  were  found  at 
sites  near  the  mouths  of  tributaries  or  where  the  main  channel  meanders  through 
a  large  open-water  area. 

5.  Initial  turbidity  and  suspended  solids  in  the  settleability  tests  corres¬ 
ponded  well  with  the  amount  of  fine  material  present.  Initial  turbidity  and 
suspended  solids  values  over  300  FTU  and  1,000  mg/1  respectively  were  mainly 


122 


limited  Co  sediment  samples  having  3%  or  greater  composition  of  silts  and 
days  and  7%  finer  than  fine  sands  (^”80  mesh  screen).  These  occurred  mainly 
in  zones  I  and  II.  After  4  hours  settling,  turbidity  and  suspended  solids 
values  for  these  samples  ranged  from  30  to  340  FTU  and  68  to  404  mg/1, 
respectively. 

Of  the  sediment  samples  tested, 782  (42  of  54)  had  initial  turbidity  values 
less  than  300  FTU  and  suspended  solids  values  less  than  1,000  mg/1.  At  the 
end  of  24  hours  of  settling  time,  all  values  were  below  40  FTU  and  100  mg/1. 

6.  All  the  data  were  statistically  analyzed  by  Friedman  analysis  of  variance 
for  ranked  data  to  determine  the  statistical  differences  among  the  five  zones 
and  'the  three  categories  of  dredging  frequency.  Chemical  oxygen  demand  (COD) 
was  the  only  parameter  that  showed  a  statistical  difference  (*■  .05)  among  the 
three  categories  of  frequency  of  dredging.  COD  was  highest  at  the  frequently 
dredged  sites  and  lowest  at  the  infrequently  dredged  sites. 

7.  Of  the  chemical  parameters  statistically  analyzed,  COD,  iron,  lead^residue 
lost  on  ignition,  and  zinc  showed  statistical  differences  among  the  five  zones. 
Zinc  showed  a  steady  decrease  going  downriver,  with  the  highest  levels  in  zone 

I  and  the  lowest  in  zone  V.  COD  was  highest  in  zones  I  and  II.  Iron  was  highest 
in  zones  II  and  III  and  generally  showed  a  decrease  going  downriver  from  the 
Twin  Cities  metropolitan  area.  Lead  and  residue  lost  on  ignition  followed 
somewhat  similar  trends,  being  generally  comparably  the  highest  in  zones  I, 

II,  and  V. 

An  overall  ranking  based  on  all  the  chemical  parameters  of  the  zones  indicates 
that  zone  II  was  the  worst,  followed  closely  by  zone  I.  The  overall  cleanest 
was  zone  V. 

3.  Rank  analysis  of  the  percent  of  fine  material  and  the  suspended  solids  and 
turbidity  readings  at  the  end  of  4  hours  indicates  that  overall,  zone  II  was 
the  worst.  Zone  III  was  the  cleanest. 

CONCLUSIONS 

Zone  designations  showed  substantial  and  statistically  significant  differences 
in  levels  of  chemical  and  physical  parameters.  Frequency  of  dredging  at  a 
site  was  a  less  important  factor. 

Very  high  levels  (and  in  some  cases  detectable  levels)  of  chemical  parameters 
were  closely  associated  with  exceptionally  high  levels  of  fine  materials  in  the 
s  ediments. 

The  nature  of  the  data  and  the  scope  of  this  study  did  not  allow  precise  esti¬ 
mates  of  average  levels  present,  but  the  data  were  adequate  for  ranking  by  zones 
on  levels  of  contamination.  Zones  I  and  II  were  most  heavily  loaded  with  con¬ 
taminants,  while  zones  III,  IV  and  V  were  substantially  lower.  Zone  V,  the 
farthest  from  the  major  source  of  pollutants,  the  Twin  Cities  metropolitan  area, 
was  the  least  contaminated  overall. 
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APPENDIX  A 

WATER  QUALITY  MONITORING  OF  DREDGING  OPERATIONS 
AT  READ’S  LANDING,  8/14/78  -  8/15/78, 

SUMMARY  OF  RESULTS  FROM  STATISTICAL  EVALUATION  OF  DATA 


TABLE  A-l  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Turbidity  Values, 
Phase  I 


Variable 

df 

SS 

ms 

f -value 

Transect  Distance 

4 

1.2 

.30 

1.58 

Site  Location 

3 

2.5 

.83 

4.36* 

Error 

12 

2.31 

.19 

Total 

19 

TABLE  a-2  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Turbidity  Values, 
Phase  I 


Variable 

df 

ss 

ms 

f -value 

Transect  Distance 

4 

0.6 

0.15 

0.83 

Site  Location 

3 

1.2 

0.4 

2.22 

Error 

12 

2.2 

0.183 

Total 

19 

TABLE  A-3  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Suspended  Solids 
Value,  Phase  I 


Variable 

df 

ss 

ms 

f-value 

Transect  Distance 

4 

213.7 

53.4 

2.4 

Site  Location 

3 

166.5 

55.5 

2.5 

Error 

12 

265.6 

22.1 

Total 

19 

TABLE  A-4  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Suspended  Solids 
Values,  Phase  I 


Variable 

df 

S8 

ms 

f-value 

Transect  Distance 

4 

166.3 

41.5 

1.0 

Site  Location 

3 

126.2 

42.0 

1.0 

Error 

12 

497.2 

41.4 

Total  19 

*  Significant  atel  ■  .05 
df  *  degrees  of  freedom 
ss  ■  sum  of  squares 
ms  ■  mean  square 


TABLE  A- 5  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Turbidity  Values, 
Phase  II 

Variable _ df _ ss _ ms _ f  -value 

Transect  Distance  5  770.98  0.196  2.5 

Site  Location  2  0.48  0.24  3.07* 

Error _ 10 _ 0.78  0,;Q78 _ 

Total  17 


TABLE  A-6  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Turbidity  Values, 
Phase  II 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

5 

0.92 

0.184 

2.875 

Site  Location 

2. 

0.04 

0.02 

0.30 

Error 

10 

0. 64 

0.064 

Total 

17 

TABLE  A-7  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Suspended  Solids 
Values,  Phase  II 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

5 

59.25 

11.8 

0.60 

Site  Location 

2 

42.06 

21.0 

1.06 

Error 

10 

199.2 

19.9 

Total 

17 

TABLE  A-8  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Suspended  Solids 
Values,  Phase  II 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

5 

217.8 

43.6 

2.13 

Site  Location 

2 

11.3 

5.2 

0.25 

Error 

10 

205.63 

20.5 

Total 

17 

APPENDIX  B 

WATER  QUALITY  MONITORING  OF  DREDGING  OPERATIONS 
AT  UPPER  LANSING  LIGHT, 

SUMMARY  OF  RESULTS  FROM  STATISTICAL  EVALUATION  OF  DATA 


TABLE  B-l  Analysis  of  Variance  (ANOVA)  Comparing  Near-Surface  Turbidity 
Data  Among  Transects  Up-  and  Downstream  of  the  Effluent  Pipe  and  Sampling 
Site  Locations  on  the  Transects,  Phase  I 


Variable 

df 

ss 

ms 

f-value 

Transect  Distance 

4 

14.5 

3.665 

1.02 

Site  Location 

2 

14.3 

7.15 

2.01 

Interaction 

8 

6.42 

0.80 

— 

Error 

15 

53.28 

3.55 

Total 

29 

TABLE  B-2  Analysis  of  Variance  (ANOVA)  Comparing  Near-Bottom  Turbidity 
Data  Among  Transects  Up-  and  Downstream  of  the  Effluent  Pipe  and  Sampling 
Site  Locations  on  the  Transects,  Phase  I 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

4 

413.89 

103.4 

21.6** 

Site  Location 

2 

22.4 

11.2 

23.0* 

Interaction 

8 

11.2 

1.4 

2.9 

Error 

15 

7.17 

0.48 

Total 

29 

TABLE  B-3  Analysis  of  Variance  (ANOVA)  Comparing  Near-Surface  Suspended 
Solids  Data  Among  Transect  Up-  and  Downstream  of  the  Effluent  Pipe  and 
Sampling  Site  Locations  on  the  Transects,  Phase  I 


Variable 

df 

ss 

ms 

f-value 

Transect  Distance 

4 

269.5 

67.4 

2.5 

Site  Location 

2 

332.5 

166.2 

6.2* 

Interaction 

8 

161.9 

20.2 

0.8 

Error 

15 

403.5 

26.9 

TABLE  B-4  Analysis  of  Variance  (ANOVA)  Comparing  Near-Bottom  Suspended 
Solids  Data  Among  Transects  Dp-  and  Downstream  of  the  Effluent  Pipe  and 
Sampling  Site  Locations  on  the  Transects,  Phase  I 


Variable 

df 

ss 

ms 

f -value 

Transect  Distance 

4 

75.5 

18.9 

0.4 

Site  Location 

2 

355.4 

177.5 

3.8* 

Interaction 

8 

310.9 

38.9 

0.8 

Error 

15 

706.5 

47.1 

Total 

29 

TABLE  B-5  Analysis  of  Variance  (ANOVA)  Comparing  Near-Surface  Turbidity 
Data  Among  Transects  Up-  and  Downstream  of  the  Cutterhead  and  Sampling 
Site  Locations  on  Che  Transects,  Phase  II 


Variable 

df 

S3 

ms 

f -value 

Transect  Distance 

3 

12.8 

4.3 

7.0* 

Site  Location 

2 

19.6 

9.8 

16.0** 

Interaction 

6 

4.3 

0.72 

1.2 

Error 

12 

7.3 

0.61 

Total 

23 

TABLE  B-6  Analysis  of  Variance  (ANOVA)  Comparing  Near-Bottom  Turbidity 
Data  Among  Transects  Up-  and  Downstream  of  the  Cutterhead  and  Sampling 
Site  Locations  on  the  Transects,  Phase  II 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

3 

16.6 

5.53 

1.58 

Site  Location 

2 

6.7 

3.35 

.9 

Interaction 

6 

35.1 

5.84 

1.67 

Error 

12 

41.9 

3.49 

Total 

23 

TABLE  B-7  Analysis  of  Variance  (ANOVA)  Comparing  Near-Surface  Suspended 
Solids  Data  Among  Transects  Up-  and  Downstream  of  the  Cutterhead  and 
Sampling  Site  Locations  on  the  Transects,  Phase  II 


Variable 

df 

SS 

ms 

f-value 

Transect  Distance 

3 

155.2 

51.7 

6.9* 

Site  Location 

2 

763 

381 

50.0** 

Interaction 

6 

54.6 

9.1 

1.2 

Error 

12 

90 

7.5 

Total 

23 

A- 8 


) 

|  TABLE  B-8  Analysis  of  Variance  (ANOVA)  Comparing  Near-Bottom  Suspended 

[  Solids  Data  Among  Transects  Up-  and  Downstream  of  the  Cutterhead  and 

|  Sampling  Site  Locations  on  the  Transects,  Phase  II 


Variable 

df 

ss 

ms 

f  -value 

Transect  Distance 

3 

127 

42.3 

3.2 

Site  Location 

2 

355 

178 

13.8** 

Interaction 

6 

439 

73 

5.6* 

Error 

12 

155 

12.9 

Total 

23 
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APPENDIX  C 

WATER  QUALITY  MONITORING  OF  DREDGING  OPERATIONS 
IN  POOL  1  OF  THE  UPPER  MISSISSIPPI  RIVER, 
SUMMARY  OF  RESULTS  OF  STATISTICAL  ANALYSIS  OF 
TURBIDITY  AND  SUSPENDED  SOLIDS  DATA 


TABLE  C-l  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Turbidity  Values, 
Phase  I 


Variable _ df _ ss _ ms _ f  -value 

Transect  Distance  4  1.70  0.425  1,89 

Site  Location  2  2.27  1.13  5.0  * 

Error _ 8  1.8  0.225 _ 

Total  14 


TABLE  C-2  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Turbidity  Values, 
Phase  I 


Variable  df  ss  ms  f-value 


Transect  Distance  4  7.51  1.87  0,67 

Site  Location  2  23.65  11.82  4.26* 

Error _  8  22.15  2,77 _ 

Total  14 


TABLE  C-3  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Suspended  Solids 
Values,  Phase  I 

Variable _ df _ ss _ ms _ f-value 

Transect  Distance  4  11.6  2.9  0,52 

Site  Location  2  25.4  127  23.1* 

Error _ 8 _ 44,0  5,5 _ 

Total  14 


TABLE  C-4  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Suspended  Solids 
Values,  Phase  I 

Variable _ df _ ss _ ms _ f-value 

Transect  Distance  4  114.0  28.5  1,86 

Site  Location  2  41.2  20.6  1.34 

Error _ 8  122.2  15.3 _ 

Total  14 

*  Significant  at  ■*  .05 


A-l  0 


TABLK  C-5  Analysis  ot  V.ir  i  i  •  \ '  ’Nr  Sear-Surface  lurbiilitv  Values, 

Phase  I  i 


Variabl e 

•  s  s 

ms 

f -va 1 uo 

Site  Distance 

1.1! 

0.202 

0.19 

Rad ia  1 

0.01 

0.01 

0.007 

Error 

0.59 

1.32 

Total 


TABLE  C-6  Analysis  of  Variance  (ANOVA)  for  Near-Bottom  Turhiditv  Values, 
Phase  H 


Variable 


df 


ss  ms  f-value 


Site  Distance 
Radial 
Error 


1.595  0,319  0.5b 

0.375  0.375  0 .06 

2. 84  0.508 


Total 

1  1 

TABLE  C-7  Analysis  of  Variance 

(AN OVA) 

for  Near-Surface  Suspc 

Values,  Phase  11 

Variable 

df 

SS 

ms 

f-value 

Site  Distance 

s 

50.75 

10.1 

0.4 

Radial 

) 

90.75 

90.75 

3.5 

Error 

r3 

124.75 

24.9 

Total 

1  1 

TABLE  C-8  Analysts  of  Variance 

(AN OVA) 

for  Near-Bottom  Suspei 

Values,  Phase  IT 

Variable 

df 

SS 

ms 

f-value 

Site  Distance 

5 

380.8 

76.2 

1.99 

Radial 

1 

1 

24.1 

24.1 

0.63 

Error 

5 

191  .4 

38.3 

1 1 


Total 


APPENDIX  D 


SUMMARY  OF  STATISTICAL  EVALUATION  OF  'HIE  TURBIDITY  AND 
SUSPENDED  SOLIDS  DATA  FROM  PHASE  I,  WATER  QUALITY 
STUDY  AT  THE  HI'. AD  OF  LAKE  PEPIN 


1  ABLE  D-l  Analysis  of  Variance  (ANOVA)  for  Near-Surface  Turbidity  Data, 
Phase  I 


Variable  df 

ss 

ms 

f-value 

Transect  Distance  3 

0.26 

0.087 

0.17 

Site  Location  2 

0.57 

0.285 

0.56 

..rror  6 

3.03 

0.505 

fatal  11 

TABLE  D-2  Analysis  of  Variance  (ANOVA) 

for  Near-Bottom  Turbidity  Data, 

Phase  I 

Variable 

df 

SS 

ins 

f-value 

Transect  Distance 

3 

3.15 

1.05 

0.3 

Site  Location 

2 

3.18 

1.59 

0.5 

E  r  ro  r 

6 

18.9 

3.15 

Total 

11 

TABLE  D- 3 

Analys is 

of 

Variance 

(ANOVA) 

for  Near- 

Surface  Suspended  Solids 

Data,  Phase 

1 

Variable 

df 

ss 

ms 

f-value 

T  ransect 

Distance 

3 

4.92 

2.46 

4.39 

Site  Location 

2 

162.0 

54 

96.4* ** 

Error 

6 

3.33 

0.56 

To  tal 

11 

TABLE  D-4 

Analysis 

of 

Variance 

(ANOVA) 

for  Near- 

Bottom  Suspended  Solids 

Data,  Phase 

I 

Variable 

df 

ss 

ms 

f-value 

T  ransect 

Distance 

3 

77.7 

25.9 

1.2 

Site  Location 

2 

925.3 

462 

22** 

E  r  ro  r 

6 

126 

21 

Total 

11 

*  Significant  at  <$'  =  0.05 

**Significant  at  0.  =  0.01 
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APPENDIX  E  WILD*  S  BEND  DREDGE  CUT  DATA 

TABLE  E-l  Bulk  chemical  analysis  of  sediments  collected  from  Wild's  Bend  dredge  cut 
(R.M.  730.8)  on  9/19/78  (analyses  conducted  by  U.S.  Geological  Survey 
laboratory,  Atlanta,  Georgia). 


- SITE 

paramete5^~-~-^_ 

1  EAST 

1  WEST 

2  EAST 

2  WEST 

3  EAST 

3  WEST 

4  EAST 

4  WEST 

Arsenic 

0 

0 

0 

0 

0 

0 

0 

0 

Barium 

50 

30 

60 

50 

30 

30 

30 

30 

Cadmium 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<  10 

Chromium  (Tot) 

<10 

<10 

<10 

<  10 

<10 

<10 

<  10 

<  10 

COD 

1200 

900 

1200 

2600 

1900 

1200 

1900 

620 

Copper 

<10 

<10 

<10 

<  10 

<10 

<10 

<10 

<  10 

Cyanide 

0 

0 

0 

0 

0 

0 

0 

0 

Iron 

1700 

1500 

2100 

1700 

1700 

2000 

1800 

1800 

Lead 

<10 

10 

<10 

<  10 

<10 

<10 

<10 

<  10 

Manganese 

460 

320 

650 

490 

360 

320 

360 

330 

Mercury 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

N  KJD 

160 

170 

180 

140 

250 

220 

190 

170 

N,  NH4  as  N 

0.0 

0.2 

0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

Nickel 

<10 

<10 

<10 

<  10 

<10 

20 

<10 

<  10 

Oil  and  grease 

0 

0 

0 

0 

0 

0 

0 

0 

Phos.  (Tot) 

85 

51 

55 

140 

160 

70 

170 

58 

Res.  LOI . 

3860 

5020 

6170 

5410 

3560 

4050 

3560 

3270 

Zinc 

<10 

<10 

<10 

10 

<10 

<10 

<10 

<  10 

Pesticides  ug/kg 

Aldrin 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Chlordane 

0 

0 

0 

0 

0 

0 

0 

0 

DDD 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

DDE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

DDT 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Dieldrin 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Endosulfin 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Endrin 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hept.  Epox. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Heptachlor 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lindane 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Mi  rex 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

PCB 

0 

0 

0 

0 

0 

0 

0 

0 

PCN 

0 

0 

0 

0 

0 

0 

0 

0 

Per thane 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Toxaphene _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 _ 0 


Note:  Unless  otherwise  stated,  values  are  in  mg/kg 
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DREDGED  MATERIAL 
DISPOSAL  APPENDIX 


APPENDIX  G 

DREDGED  MATERIAL  DISPOSAL  STUDY 


Purpose  and  Study  Site 

Sedimentation  is  a  natural  process  on  the  Mississippi  River.  During  high 
flow,  sediment  is  picked  up  and  deposited  as  the  water  velocity  decreases. 
Usually  the  deposition  is  thin,  averaging  a  few  inches  or  more,  and  occurring 
in  the  spring  of  the  year.  Due  to  increasing  concern  and  requirements  for 
disposal  of  dredged  material  on  land,  it  is  important  to  determine  the  effects 
of  placing  an  unnatural  amount  of  sediment,  up  to  several  feet  in  depth,  on 
existing  vegetation  throughout  the  year. 

In  October  of  1973,  a  study  was  initiated  to  monitor  the  effects  of  dredged 
material  deposition  on  the  health  and  longevity  of  an  inland  floodplain  forest. 
The  study  location  selected  was  Dresbach  Island  near  Dresbach,  Minnesota 
(Figure  1).  Historically,  the  Corps  has  used  this  island  as  a  disposal  site 
for  dredged  material.  Due  to  time  constraints  the  study  is  limited  to  the 
impact  of  dredged  material  placement  on  the  overstory  vegetation. 

The  floodplain  forest  on  the  island  is  typical  of  the  vegetation  found  through¬ 
out  the  floodplain  of  tne  Upper  Mississippi  River.  The  overstory  consists  of 
elm  (Ulmus  amer icana) ,  cottonwood  (Populus  deltoides) ,  black  willow  (Salix 
nigra) ,  green  ash  (Fraxinus  pennsylvanica) ,  boxelder  (Acer  negundo),  silver 
maple  (Acer  saccharinum) .  and  river  birch  (Betula  nigra) .  The  understory  vege¬ 
tation  is  typical  of  floodplain  islands.  The  sparse  ground  cover  is  dominated 
by  nettle  (Urtica  dioica)  and  poison  ivy  (Rhus  radicans) . 


Two  100  x  100-foot  plots  were  selected  within  the  dredged  material  disposal 
site.  One  plot  is  on  the  periphery  of  the  area  and  is  expected  to  receive 
very  little  if  any  dredged  material  and  therefore  was  used  as  a  control.  (See 
Figure  2.)  The  area  is  a  confined  disposal  site  and  therefore  is  surrounded 
by  a  berm  about  3  feet  high. 

All  trees  greater  than  4  inches  in  diameter  were  recorded  by  species,  tree 
condition,  and  diameter  (d.b.h.)  and  marked  with  a  nail  9  feet  above  the  ground 
surface  to  determine  the  depth  of  fill  material.  Table  1  summarizes  the 
tree  data. 

Resul ts 


The  disposal  area  was  utilized  in  the  fall  of  1978.  Due  to  the  small 
amount  of  dredging  that  was  needed  in  1978,  the  depth  of  fill  material 
was  not  as  great  as  was  anticipated  (see  Figure  3). 


The  study  plots  were  revisited  in  August  of  1979.  Although  a  few  trees  were 
recorded  as  dead,  the  vast  majority  are  in  good  or  moderate  condition.  Some 
trees  showed  evidence  of  scarring  and  bark  damage,  probably  caused  by  machinery 
used  in  dike  construction  and  by  campers  and  picnickers  using  the  island. 
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Species 

Table  1 

To  tal 
Number 

Summary  of  Tree  Data  by  Species 

Mean 

Diameter  Standard 

(in.)  Deviation  (in. )  Range  (in.) 

Plot  No.  1 

Cottonwood 

1 

9.2 

Black  Willow 

6 

16.5 

3.8 

11.4  -  20.7 

Green  Ash 

7 

5.5 

.9 

4.2  -  6.5 

Elm 

30 

9.3 

5.0 

4.3  -  24.4 

Boxelder 

1 

8.3 

Silver  Maple 

5 

5.8 

1.2 

4.7  -  7.3 

Total 

50 

9.3 

5.1 

4.2  -  24.4 

Plot  No.  2 

River  Birch 

6 

10.2 

2.6 

7.7  -  14.8 

Green  Ash 

18 

6.6 

1.5 

4.4  -  9.3 

Elm 

33 

7.0 

2.0 

4.2  -  11.8 

Black  Willow 

2 

18.9 

6.2 

14.5  -  23.3 

Silver  Maple 

8 

7.2 

2.4 

4.2  -  11 

Mulberry 

2 

7.4 

2.0 

5.9  -  8.8 

White  Oak 

3 

8.9 

4.3 

6.1  -  13.9 

Cottonwood 

1 

21.2 

Total 

73 

7.8 

3.4 

4.2  -  23.3 

On  plot  1 ,  1 

both 

sedimentation  and  erosion  around  the 

trees  have  occurred 

due  to  the  building  of  the  dike  and  to  erosion  which 

was  probably  caused 

by  the  release  of  dredged 

material 

from  the  pipeline, 

.  On  plot  2,  where 

about  one- third 

of  the  trees  received  no  fill  material,  no  erosion  was 

evident.  Table 

2  summarizes  the  data  on  depth  of  fill  material. 

Table 

2.  Depth  of  Fill  Material 

Mean 

(ft.) 

Standard 

Depth 

Deviation  (ft* )  Range  (ft.) 

Plot  1 

Fill 

1. 

9 

1.2  .3 

to  6 . 3  3 

Cut 

"  • 

8 

.6  -.1 

to  -1.8  1 

Plot  2 


Fill 


2.3 


1.0 


2  to  4.4 


If  future  tree  death  does  result,  two  factors  other  than  the  placement 
of  the  fill  material  should  be  considered  as  possible  contributing  causes: 

1.  The  mechanical  injury  to  the  trees  could  increase  the  probability 
of  insect  and  disease  attack. 

2.  The  dike  may  "pond"  water  longer  than  would  occur  naturally.  If 
this  ponding  extended  into  the  growing  season,  the  stagnant  water  would 
create  anaerobic  conditions  which  could  result  in  tree  death. 

Because  the  results  of  sedimentation  may  not  appear  for  a  number  of  years, 
the  study  should  continue  for  a  few  more  years  to  monitor  survival.  Future 
studies  should  also  include  growth  rate  studies  to  determine  if  sedimentation 
affects  tree  growth.  This  could  be  accomplished  by  increment  borings  or 
by  taking  cross-sections  from  the  trees. 

Discussion 

The  assessment  of  the  health  of  the  trees  was  originally  conducted  in  October 
during  the  dormant  season,  making  it  difficult  to  determine  condition.  A 
second  assessment,  made  in  August  1979,  should  be  used  as  the  base  for 
making  future  comparisons  since  it  will  be  the  best  indication  of  condition 
during  the  growing  season.  Most  of  the  trees  appear  to  be  in  good  condition 
despite  the  fill  material,  possibly  due  to  one  or  more  of  the  following 
factors : 

1.  The  trees  may  not  show  the  effects  of  the  fill  activity  for  2  or  more 
years.  Research  has  shown  that  trees  may  not  succumb  to  temporary  inunda¬ 
tion  for  up  to  4  years  (Yeager  1949;  Green  1947). 

2.  The  fill  material  may  not  be  of  a  depth  great  enough  to  kill  the 
tree.  The  mean  depth  of  fill  is  approximately  2  feet,  while  natural  sedi¬ 
mentation  may  be  up  .to  6  inches.  Therefore,  a  greater  depth  may  be  needed 
to  affect  survival. 

3.  Fill  activities  may  have  no  effect,  since  the  trees  are  accustomed 
to  some  sediment  being  deposited  around  their  bases  as  a  result  of  natural 
flooding.  Adventitious  (appearing  in  an  unusual  or  abnormal  place)  buds  form 
on  many  of  the  floodplain  species,  thereby  improving  their  chances  of 
survival. 

4.  The  fill  material  is  sandy  and  therefore  does  not  seal  the  soil 
surface,  thereby  restricting  the  movement  of  air  and  water,  whereas 
fine-grained,  compacted  material  would  restrict  the  exchange  of  gases  be¬ 
tween  the  soil  and  atmosphere.  Kennedy  and  Krlnard  (1974)  found  that  in 
Mississippi,  almost  pure  sand  deposits  up  to  5-foot  depths  had  no  effect 
on  trees  2  to  3  months  after  siltation  occurred. 
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ABSTRACT 


The  microbiological  water  quality  effects  of  hydraulic  dredging 
with  effluent  containment  were  investigated.  Microbiological  water  quality 
was  assessed  by  performing  total  col i form  (TC),  fecal  col i form  (FC),  and 
fecal  streptococcus  (FS)  density  determinations  and  by  enriching  for 
salmonellae  and  shigellae.  Sediment  in  the  area  to  be  dredged  was  also 
analyzed  for  TC,  FC,  and  FS  densities  and  for  salmonellae  and  shigellae. 

The  sediment  was  composed  of  coarse  sand,  and  was  found  to  contain  very 
low  densities  of  indicator  bacteria  (mean  MPN  indeces,  per  gram  dry  wt,  were 
11  TC's,  3  FC's,  and  1  FS);  no  salmonellae  or  shigellae  were  recovered 
from  the  sediment  samples.  There  were  no  significant  differences  (F-values 
all  below  the  critical  level  for  rejection  of  the  null  hypothesis)  between 
indicator  bacteria  concentrations  in  the  sample  groups  (i.e.,  control  water 
samples,  water  samples  downstream  to  the  dredge  cutterhead,  and  water  samples 
downstream  to  the  effluent  containment  pit),  and  the  majority  of  salmonellae 
(76%)  were  isolated  from  control  water  samples.  Because  of  the  absence  of 
fecal  bacteria  (indicators  and  pathogens)  in  the  sediment,  the  data  could  not 
be  used  to  support  (or  reject)  effluent  containment  as  a  means  of  minimizing 
adverse  microbiological  water  quality  effects  of  hydraulic  dredging. 
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INTRODUCTION 


Microbiological  effects  of  dredging  in  the  Upper  Mississippi  River 
have  been  partially  investigated  (5,6,7).  In  1976,  water  samples  collected 
downstream  from  the  discharge  of  hydraulically  dredged,  contaminated  material 
were  found  to  contain  significantly  greater  quantities  of  total  coliform  (TC), 
fecal  coliform  (FC),  and  fecal  streptococcus  (FS)  bacteria  and  turbidity  than 
upstream  controls  (6).  In  1977,  water  samples  collected  during  a  clamshell 
dredging  operation  revealed  that  this  type  of  dredging  had  no  significant 
effect  on  microbiological  water  quality  as  measured  by  TC,  FC,  and  FS  bacteria 
(7).  It  was  suggested  that  the  relatively  passive  nature  of  clamshell 
dredging  was  largely  responsible  for  observed  differences. 

Hydraulic  dredging  is  now  the  most  efficient  method  for  removing 
large  volumes  of  unwanted  sediment  from  the  main  channel  of  the  Mississippi 
River.  Accordingly,  ways  to  minimize  adverse  effects  of  hydraulic  dredging 
on  water  quality  are  being  investigated.  One  promising  method  is  on-land 
disposal  with  containment  of  the  dredged  material.  Containment  does  not  stop, 
or  in  any  way  reduce,  sediment  disturbance  at  the  dredge  cutterhead.  It 
does,  however,  prevent  much  of  the  water  in  the  dredged  material  slurry  from 
directly  reentering  the  river.  It  is  this  carrier  water  that  contains  the 
greatest  burden  of  contaminants,  including  bacteria  (7),  and  any  procedure 
that  prevents  this  water  from  directly  reentering  the  river  should  greatly 
reduce  dredge-associated  pollution. 

In  September  1978,  a  research  project  designed  to  evaluate  dredged 


material  containment  was  executed  by  the  St.  Paul  District  of  the 


U.S.  Army  Corps  of  Engineers.  One  particular  objective  of  this 
project  was  to  determine  what  microbiological  changes  occurred  in  the 
water  column  as  a  result  of  hydraulic  dredging  and  disposal  of  dredge 
effluent  in  an  onshore  containment  pit.  This  objective  was  the  basis  of  a 
contract  awarded  to  this  author,  and  specific  microbiological  effects  under 
investigation  were  as  follows: 

1.  To  determine  the  numbers  of  TC,  FC,  and  FS  bacteria  residing 
in  the  bottom  sediments  of  the  area  to  be  dredged. 

2.  To  determine  the  contribution  of  dredge  cutterhead  disturbance 
in  resuspending  TC,  FC,  and  FS  bacteria  in  the  water  column. 

3.  To  determine  the  ability  of  a  containment  structure  to 
minimize  the  impact  of  hydraulic  dredge  effluent  on  river 
water  quality  as  measured  by  TC,  FC,  and  FS  bacteria. 

4.  To  determine  the  presence  of  salmonellae  and  shigellae  in 
all  samples  tested. 

MATERIALS  AND  METHODS 

Study  site.  Dredging  was  conducted  by  the  hydraulic  dredge  William  A. 
Thompson  in  the  Wild's  Bend  reach  of  Navigation  Pool  5A  of  the  Upper 
Mississippi  River.  The  dredge  cut  extended  from  river  mile  730.3  to  730.7 
(Fig.  1)  and  the  dredging  was  accomplished  between  21  and  22  September  1978. 

Sampling  techniques.  Water  samples  were  collected  by  means  of  van  Dorn 
bottles;  2.5  to  3.0  1  of  each  sample  were  transferred  to  a  sterile  1-gal 
polypropylene  milk  bottle  for  transportation  to  our  laboratory.  Sediment 
samples  were  collected  by  Ponar  dredge  and  were  placed  in  Whirl -Pak  bags  for 
shipment.  All  samples  were  iced  in  transit  and  were  then  stored  in  a 


FIG.  1.  Map  of  the  Wild's  Bend  area  of  the  Upper  Mississippi  River 
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refrigerator  (ca.  4°C)  until  they  could  be  processed.  Samples  were  processed 
within  24  hr  of  collection. 

Background  water  and  sediment  samples  were  collected  on  19  September. 

Sediment  samples  were  obtained  from  8  sites  within  the  proposed  dredge  cut 
(Fig.  2).  Water  samples  were  obtained  from  5  sites  overlying  the  proposed 
dredge  cut  (Fig.  2).  Two  samples,  a  surface  water  sample  (0.3  m  below  the 
surface)  and  a  bottom  water  sample  (0.3  m  above  the  bottom),  were  collected 
at  ill  but  4  sites.  These  4  sites  were  among  those  sampled  on  22  September 
and  were  sampled  at  middepth  only. 

The  effects  of  cutterhead  disturbance  were  investigated  on  21 
September.  Three  sample  sites  (Con-W,  Con-C,  and  Con-E)  were  established 
upstream  to  the  dredge  and  they  served  as  upstream  control  stations  (Fig.  3). 

Two  stations  (25-W  and  25- E )  were  established  on  either  side  of  and  25-ft 
(7.6  m)  downstream  from  the  cutterhead  (Fig.  3).  Finally,  3  stations  were 
established  600-ft  (183  m)  downstream  to  the  cutterhead. 

The  efficacy  of  dredge  effluent  containment  was  assessed  on 
22  September  by  establishing  stations  as  delineated  in  Fig.  4.  Two  control 
stations  (Con-W  and  Con-C)  were  established  upstream  to  the  dredge  and  to 
the  containment  area.  Cutterhead-associated  effects  were  monitored  by  two 
stations  (BW  and  BE)  just  downstream  from  the  stern  of  the  Thompson.  Dredge 
effluent  itself  was  also  sampled  as  it  left  the  effluent  or  dredge  pipe. 

The  water  quality  effects  of  effluent  overflow  (and  possible  seepage)  from 
the  containment  structure  were  investigated  by  sampling  4  parallel  transects 
that  were  1 00- ft  (30m),  200- ft  (61  m),  300- ft  (91  m),  and  400-ft  (122  m) 
downstream  to  the  effluent  pipe  (Fig.  4).  Three  stations  (W,  C,  and  E)  were 
established  on  each  transect  (Fig.  4).  Two  additional  transects  (950-ft  and 
1650-ft)  were  also  established,  but  were  inadvertently  not  sampled  for 
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Distribution  of  sampling  sites  on  19  September 


FIG.  3. 


Distribution  of  sampling  sites  on  21  September. 


FIG.  4.  Distribution  of  sampling  sites  on  22  September, 
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microbiological  analysis. 

Indicator  bacteria.  All  water  and  sediment  samples  were  analyzed  for 
indicator  bacteria  by  using  standard  techniques  (1)  as  previously  described 
(6).  This  included  the  use  of  type  HC  membranes  (HCWG  047  SI,  Millipore  Corp. , 
Bedford,  MA  01730)  for  all  phases  of  tne  study.  Membrane  filter  analysis  of 
sediment  samples  was  accomplished  by  a  modification  of  the  elutriate  test  as 
described  by  the  Environmental  Protection  Agency  in  1975  (3).  Our  modification 
consisted  of  adding  20  g  of  each  sediment  sample  to  80  ml  of  sterile  phosphate 
buffer  (1)  contained  in  a  sterile  250-ml  Erlenmeyer  flask.  This  slurry  was 
vigorously  mixed  on  a  platform  shaker  for  30  min  and  then  allowed  to  settle 
for  1  hr.  The  resultant  liquid  phase,  or  elutriate,  was  then  subjected  to 
membrane  filter  analysis  for  indicator  bacteria.  Recently,  the  elutriate 
test  (3)  has  been  refined  (4),  and  the  liquid  phase  we  used  for  membrane 
filter  analysis  would  be  more  correctly  referred  to  as  the  suspended 
particulate  phase  (4). 

Salmonella  and  shigella  isolation.  Water  samples  were  examined  for 
salmonellae  and  shigellae  by  broth  enrichment  of  filtrates  collected  on  glass 
fiber  filters  (A/E,  Gelman  Instrument  Co.)  over  type  HC  membrane  filters. 
Filtrates  were  collected  by  filtering  1-1  volumes  of  water  for  each  of  the 
two  enrichments.  Since  some  of  the  water  samples  were  very  turbid,  more  than 
one  glass  filter-membrane  pair  often  had  to  be  used  to  effect  filtration  of  1  1 . 
Sediment  samples  were  analyzed  for  salmonellae  and  shigellae  by  placing  10  g 
of  sediment  into  the  appropriate  broth  enrichment  medium.  Salmonella  enrichment 
was  accomplished  by  placing  glass  filter-membrane  pairs  (representing  1  1  of 
water  filtered)  or  10-g  sediment  samples  into  125-ml  Erlenmeyer  flasks  con¬ 
taining  50  ml  of  tetrathionate  broth  (Difco)  modified  by  the  addition  of  20  mg 
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brilliant  green  per  liter  of  broth.  Flasks  were  incubated  as  stationary 
cultures  at  41.5°C  for  72  hr.  Each  brilliant  green-modified  tetrathionate 
broth  was  streaked  onto  plates  of  bismuth  sulfite  agar  (Difco)  and  XLD  agar 
(Difco)  at  both  24  and  72  hr  and  the  plates  were  incubated  at  35°C.  Shigella 
enrichment  utilized  the  standard  technique  (1)  as  modified  by  a  suggestion 
from  Gel dreich  (E.E.  Geldreich,  U.S.  EPA,  Cincinnati,  personal  communication). 

In  this  modification,  water  filtrates  (glass  filter-membrane  pairs  representing  1  1 
of  water  filtered)  and  sediment  samples  (10  g)  were  placed  into  50  ml  of 
nutrient  broth  (Difco)  at  pH  8.0  contained  in  125-ml  Erlenmeyer  flasks  and 
Incubated  as  stationary  cultures  at  35°C  for  6  hr.  Nutrient  broths  were  then 
streaked  onto  XLD  agar  plates  which  were  incubated  at  35°C. 

Suspect  colonies  were  picked  from  bismuth  sulfite  agar  plates  at 
48  hr  and  from  XLD  agar  plates  at  24  hr,  and  were  transferred  to  triple  sugar 
iron  agar  slants  (Difco).  All  al kal ine/acid  cultures  were  then  biochemically 
classified  using  techniques  (2)  as  previously  described  (6).  Isolates 
giving  reactions  consistent  with  Salmonella  and  Shigella  were  then  serologically 
grouped  with  Bacto-Salmonel la  0  antisera  (Difco). 

RESULTS 

Sediment  samples.  Sediments  in  the  Wild's  Bend  area  were  composed  of 
coarse  sand  and  the  results  for  the  8  samples  (Fig.  2)  are  listed  in  Table  1. 

The  indicator  counts  were  very  low  and  there  were  no  salmonella  or  shigella 
isolations  made  from  any  sediment  sample.  Membrane  filter  densities  were, 

In  most  cases,  slightly  higher  than  respective  MPN  indices.  However,  the 
small  sample  number  (n=8)  precluded  meaningful  statistical  analysis  of  this 
possible  difference.  FC/FS  ratios  were  generally  indicative  of  mixed  human 


»BLE  1.  Indicator  bacteria  per  gram  (dry  wt)  of  sediment8. 


Sample 

Location 

Total  Col i forms 

Fecal  Coliforms 

Fecal  Streptococci 

m 

Salmonella 

■— 

,c 

mf 

MPN 

mf 

MPN 

mf 

MPN 

mf 

1-East 

9 

5 

2 

12 

1 

3 

2.0 

Eg 

No 

1-West 

4 

35 

2 

2 

1 

2 

2.0 

1.0 

No 

2-East 

6 

19 

5 

1 

2 

3 

2.5 

m 

No 

2-West 

20 

65 

1 

12 

1 

3 

1.0 

No 

3-East 

1 

6 

1 

1 

0 

1 

- 

1.0 

No 

3- West 

4 

49 

4 

3 

1 

3 

4.0 

1.0 

No 

4-East 

3 

26 

2 

2 

1 

1 

2.0 

No 

4- West 

41 

37 

3 

2 

1 

3 

3.0 

No 

X 

11 

30 

3 

4 

1 

2 

3.0 

oPfl 

-- 

Conversion  of  data  to  a  wet-wt  basis  can  be  accomplished  by  dividing  each  value  by 
1.159. 


^MPN  indices  based  on  3  decimal  dilutions  of  the  sediment  with  5  tubes  per  dilution. 

cMembrane  filer  (mf)  colony  forming  units  on  Type  HC  membranes  as  determined  by  the 
elutriate  test;  arithmetic  mean  of  2  replicate  determinations.  See  Appendix  I  for 
replicate  values. 
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and  animal  fecal  pollution  (i.e.,  most  were  between  0.7  and  4.0). 

Background  water  samples.  Indicator  bacteria  densities  in  the  background 
water  samples  collected  on  19  September  (Fig.  2)  are  listed  in  Table  2. 

The  FC  counts  were  generally  greater  than  400  per  100  ml,  and  the  FC/FS 
ratios  were  indicative  of  mixed  human  and  animal  fecal  pollution.  Salmonellae, 
but  no  shigella,  were  isolated  from  3  (25%)  of  the  12  samples;  there  were  11 
salmonella  isolates  representing  2  serogroups.  Comparison  of  the  TC  and  FC 
densities  in  background  water  samples  (Table  2)  with  corresponding  densities 
in  the  upstream  control  samples  collected  on  21  September  (Table  3)  and  on 
22  September  (Table  4)  revealed  no  significant  differences  (Appendix  V). 
Differences  between  the  FS  densities  observed  on  the  three  sampling  dates 
were,  however,  significant  at  the  1%  level  (Appendix  V). 

Experimental  water  samples.  Indicator  bacteria  densities  in  the  samples 
collected  on  21  September  (Fig.  3)  are  listed  in  Table  3.  FC  counts  (Table  3) 
were  slightly  higher  than  those  recorded  for  19  September  (Table  2).  FS 
densities  (Table  3)  were  lower  than  corresponding  19  September  FS  counts 
(Table  2).  These  opposing  trends  (i.e.,  increasing  FC  counts  and  decreasing 
FS  counts)  contributed  to  the  higher  FC/FS  densities  observed  on  21  September 
(Table  3),  most  of  which  were  greater  than  4.0  and  therefore  indicative  of 
human  fecal  pollution.  A  one-way  analysis  of  variance  between  the  upstream 
(control)  concentrations  of  indicator  bacteria  and  the  downstream  (below 
dredge  cutterhead)  densities  revealed  no  significant  differences  (Appendix  VI). 
There  were  no  successful  salmonella  or  shigella  isolations  made  on  21 
September  (Table  3). 

Table  4  lists  the  results  of  the  22  September  sampling  (Fig.  4). 

FC  densities  were  still  high  (most  were  greater  than  400),  FS  values  were 
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TABLE  2.  Background  total  coliform  (TC),  fecal  coliform  (FC),  and  fecal  streptococcus 
(FS)  densities3  in  water  samples  collected  from  the  proposed  dredge  cut 
area  (river  mile  730.7)  and  from  the  Fountain  City  Wastewater  Treatment 
effluent  ditch  (river  mile  732.0)  on  19  September  1978.  Fecal  coliform: 
fecal  streptococcus  ratios  ( FC/FS )  and  the  presence  or  absence  of 
salmonellae  are  listed  for  each  sample. 


Sample 

Location 

Indicator  Bacteria 

per  100  ml 

1 

FC 

F5 

Salmonella15 

TC 

FC 

FS 

Serogroup 

Bl-T 

1600 

410 

140 

2.0 

No 

Bl-B 

1400 

590 

200 

3.0 

No 

B2-T 

1200 

480 

120 

4.0 

Yes  (3) 

0 

B2-B 

1300 

450 

150 

3.0 

No 

B3-T 

1300 

390 

150 

2.6 

Yes  (6)e 

B 

B3-B 

2000 

610 

160 

3.8 

No 

B4-T 

1500 

290 

130 

2.2 

No 

B4-B 

1100 

360 

130 

2.8 

Yes  (2) 

B 

B5-T 

1900 

360 

160 

2.3 

No 

B5-B 

1400 

400 

120 

3.3 

No 

f 

1470 

434 

146 

2.9 

-- 

Effluent 

2000 

250 

50 

5.0 

No 

Eff.-riverd 

1400 

390 

120 

3.3 

No 

aAll  values  are  arithmetic  averages  of  2  replicate  determinations  per  sample.  See 
Appendix  II  for  replicate  values. 

^Parenthetic  number  indicates  the  number  of  serologically  confirmed  and  grouped 
salmonellae. 

CX  =  arithmetic  mean  of  the  10  background  samples. 

^Sample  collected  from  the  confluence  of  the  wastewater  with  the  river. 

eTwo  group  B  salmonellae  were  isolated  from  B3-T;  4  additional  isolates  that 
clumped  strongly  in  Poly  A- 1  antiserum  would  not  agglutinate  in  selected 
factors  (0  antigens)  representing  the  individual  groups  A  through  I.  The  4 
isolates  were,  in  all  probability.  Salmonella  enteritidis  since  they  were 
lysine  +,  malonate  -,  gelatin  -,  lactose  and  sucrose  -. 


TABLE  3.  Total  coliform  (TC),  fecal  colifora  (FC),  and  fecal  streptococcus 
(FS)  densities3  in  water  samples  collected  near  the  dredge  on  21 
September  197S.  Fecal  coliform: fecal  streptococcus  ratios  (FC/FS) 
and  the  presence  or  absence  of  salmonellae  are  listed  for  each  sample. 


Sample  . 
Location0 

Indicator 

Bacteria  per  100  ml 

FC 

n 

Salmonella 

TC 

FC 

FS 

Con-W-T 

2300 

530 

no 

4.8 

No 

Con-W-B 

1300 

410 

160 

2.6 

No 

Con-C-T 

1400 

430 

55 

7.8 

No 

Con-C-B 

2000 

420 

100 

4.2 

No 

Con-E-T 

780 

430 

110 

3.9 

No 

Con-E-B 

2100 

500 

65 

7.7 

No 

25-W-T 

1900 

540 

150 

3.6 

No 

25-W-B 

1400 

470 

120 

3.9 

No 

25-E-T 

1400 

440 

90 

4.9 

No 

25-E-B 

2300 

480 

90 

5.3 

No 

600- W-T 

1400 

540 

130 

4.2 

No 

600- W-B 

1800 

420 

120 

3.5 

No 

600-C-T 

1800 

510 

no 

NO 

600- C-B 

1400 

420 

75 

No 

600- E-T 

1600 

550 

95 

5.8 

No 

600- E-B 

1900 

480 

no 

4.7 

No 

*A11  values  are  arithmetic  averages  of  two  replicate  determinations  per 
sample.  See  Appendix  III  for  replicate  values. 

location  code:  Con  =  above  dredge  control,  W  *  west  side  of  transect, 

C  ■  center  of  transect,  E  s  east  side  of  transect,  T  »  top,  B  ■  bottom, 
numbers  *  number  of  feet  downstream  from  dredge  cutterhead. 


TABLE  4.  Total  coliform  (TC),  focal  coll  form  (FC),  and  fecal  streptococcus  (FS)  densities*  in  water 
samples  collected  near  the  contained  disposal  site  on  22  September  1978.  Fecal  coliform: 
fecal  streptococcus  ratios  (FC/FS)  and  the  presence  or  absence  of  salmonellae  are  listed 
for  each  example. 


Sample  h 
Location 

Indicator  Bacteria  per  100  ml 

FC 

IT 

Salmbnel1ac 

Serogroup 

TC 

FC 

FS 

Con-V-T 

1100 

530 

55 

9.6 

Yes  (5) 

B 

Con-W-B 

1900 

, 

900 

80 

11.3 

Yes  (7) 

B 

Con-C-T 

1200 

480 

65 

7.4 

No 

Con-C-B 

1700 

280 

60 

4.7 

Yes  (2) 

B 

BM-T 

1100 

570 

45 

12.7 

No 

BU-B 

1200 

520 

40 

13.0 

No 

BE-T 

1100 

460 

80 

5.8 

No 

BE-B 

880 

530 

55 

9.6 

No 

DP 

1900 

450 

no 

4.1 

No 

100-W-T 

<20 

510 

50 

10.2 

Yes  (1) 

B 

100-W-B 

2200 

520 

95 

5.5 

No 

100-C-M 

1100 

500 

35 

14.3 

No 

100-E-M 

1800 

560 

25 

22.4 

No 

200- W-T 

2100 

720 

50 

14.4 

No 

200- W-B 

2700 

450 

85 

5.3 

No 

200-C-M 

1700 

330 

65 

5.1 

Yes  (1) 

C1 

200- E-M 

S50 

440 

60 

7.3 

No 

300- W-T 

1800 

- 

30 

- 

Yes  (4) 

B 

300-W-B 

1800 

2300 

35 

65.7 

No 

300- C-T 

2600 

920 

120 

7.7 

No 

300-C-B 

1500 

690 

45 

15.3 

No 

300-E-T 

2000 

1000 

45 

22.2 

No 

300-E-B 

980 

490 

100 

4.9 

No 

400- W-T 

980 

600 

25 

24.0 

No 

400-W-B 

930 

460 

1 

65 

7.1 

Yes  (2) 

B 

400-C-T 

2300 

410 

50 

8.2 

No 

400-C-B 

1100 

530 

1 

30 

17.7 

No 

400- E-T 

1400 

470 

35 

13.4 

No 

400-E-B 

2100 

720 

75 

9.6 

No 

*A11  values  are  arithmetic  averages  of  2  replicate  determinations  per  sample.  See  Appendix  IV  for 
replicate  values. 

^Location  code:  Con  *  above  dredge  control,  W  *  west  side  of  transect,  C  ■  center  of  transect,  E  ■  eest  side 
of  transect,  T  »  top,  H  *  mid,  D  •  bottom,  numbers  *  number  of  feet  downstream  from  effluent  pipe. 

Parenthetic  number  indicates  the  number  of  serologically  confirmed  and  grouped  salmonellae. 


even  lower  than  those  observed  on  21  September  (Table  3),  and  all  FC/FS  ratios 
were  greater  than  4.0.  Salmonellae,  but  not  shigellae,  were  recovered  from 
7  (24%)  of  the  29  samples,  and  there  were  22  total  isolates  representing  2 
serogroups  (Table  4).  The  upstream  control  stations  accounted  for  14  of  the 
22  salmonella  isolations  (Table  4).  A  one-way  analysis  of  variance  between 
upstream  (control)  concentrations,  at-dredge  concentrations  (BW  and  BE  samples. 
Fig.  4  and  Table  4),  and  below  containment  concentrations  of  indicator  bacteria 
revealed  no  significant  differences  (Appendix  VI). 

DISCUSSION 

Background  water  samples  (Table  2)  revealed  that  the  Wild's  Bend 
reach  of  the  Mississippi  River  was  receiving  fecal  pollution.  FC/FS  ratios 
suggested  that  the  nature  of  the  pollution  was  mixed  (i.e,  animal  and  human 
fecal  material).  The  sewage  treatment  plant  at  Fountain  City  appeared  to  have 
very  little  effect  on  area  water  quality,  however,  as  evidenced  by  data  In 
Table  2. 

The  background,  or  normal ,  microbiology  of  the  river  showed  very 
little  change  during  the  study  period.  This  was  evidenced  by  a  lack  of 
significant  difference  (Appendix  V)  between  indicator  densities  in  the 
background  samples  (Table  2)  and  in  the  upstream  control  samples  (Tables  3 
and  4). 

Sediment  samples  contained  very  few  indicator  bacteria  (Table  1) 
and  did  not  exhibit  the  relationship  reported  by  Van  Donsel  and  Geldrelch  (8). 
This  relationship,  that  sediment  fecal  conforms  approximate  100  to  1000 
times  FC  concentrations  in  the  overlying  water  column,  was  observed  In  our 
previous  study  of  hydraulic  dredging  (6). 


The  fact  that  the  sediments  contained  few  indicator  bacteria  and  no 
salmonella  or  shigella  probably  explain  the  lack  of  effect  (Appendix  VI)  that 
dredging  had  on  water  quality  during  the  study.  While  dredge  effluent  con¬ 
tainment  may  have  prevented  water-borne  contaminants  from  reentering  the  river, 
there  still  should  have  been  some  detectable,  dredge-associated  water-quality 
effects  within  close  proximity  of  the  cutterhead  (Table  3).  Since  there  were 
none,  it  can  only  be  assumed  that  the  data  (Tables  3  and  4  and  Appendix  VI) 
reflect  the  results  of  dredging  microblologically  clean  sediment.  Therefore, 
Objective  3  of  this  study,  "to  determine  the  ability  of  a  containment  structure 
to  minimize  the  Impact  of  hydraulic  dredge  effluent  on  river  water  quality 
as  measured  by  TC,  FC,  and  FS  bacteria",  cannot  be  answered  with  the  data 
(Table  4  and  Appendix  VI). 

CONCLUSION 

It  Is  unfortunate  that  the  sediments  proved  to  be  so  clean  that 
they  did  not  permit  evaluation  of  dredge  effluent  containment  on  microbiological 
water  quality.  In  theory,  containment  is  microblologically  sound.  The  major 
portion  of  dredged  sediment.  Including  sediment-bound  bacteria,  should  be 
held  within  the  containment  structure.  In  addition,  since  containment 
structures  (Including  the  one  In  this  study)  are  usually  composed  of  sand, 
any  seepage  water,  or  percolate,  reentering  the  river  should  be  of  better 
microbiological  water  quality  than  the  river  Itself.  This  Is  because  the 
containment  pit  would  act  as  a  sand  filter,  and  the  efficiency  of  sand 
filters  for  certain  types  of  sewage  treatment  Is  well  established. 
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APPENDIX  I. 


Indicator  bacteria  per  gram  (dry  wt)  of  sediment. 


Sample 

Location 

Total  Coliforms 

Fecal 

Coliforms 

Fecal 

Streptococci 

X 

Rep  1 

Rep  2 

X 

Rep  1 

Rep  2 

X 

1  - 

East 

7 

2 

5 

5 

19 

12 

3 

3 

3 

1  - 

West 

42 

28 

35 

2 

2 

2 

3 

1 

2 

2  - 

East 

28 

9 

19 

1 

1 

1 

1 

5 

3 

2  - 

West 

70 

60 

65 

I;’.?;; 

17 

12 

3 

3 

3 

3  - 

East 

7 

5 

6 

^9 

0 

1 

2 

0 

1 

3  - 

West 

46 

51 

49 

^9 

3 

3 

4 

1 

3 

4  - 

East 

37 

14 

26 

n 

2 

2 

2 

0 

1 

4  - 

West 

23 

51 

37 

i 

3 

2 

3 

3 

3 
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APPENDIX  II. 


Indicator  bacteria  per  100  ml  of  background  samples  collected  on 
19  September  1978. 


Sample 
Locatl on 

Total 

Col i forms 

Fecal  Conforms 

Fecal 

Streptocci 

Rep  1 

Rep  2 

X 

1  Rep  2 

X 

Rep  1 

Rep  2 

X 

B1  -  T 

1250 

1900 

1600 

430 

380 

410 

180 

90 

140 

B1  -  B 

1400 

1400 

1400 

660 

520 

590 

140 

250 

200 

B2  -  T 

850 

1550 

1200 

520 

440 

480 

100 

140 

120 

62  -  B 

1650 

1000 

1300 

400 

500 

450 

130 

170 

150 

B3  -  T 

1200 

1400 

1300 

290 

480 

390 

130 

160 

150 

63  -  B 

2200 

1750 

2000 

770 

440 

610 

200 

110 

160 

B4  -  T 

1750 

1300 

1500 

180 

390 

290 

160 

100 

130 

B4  -  B 

1250 

1000 

1100 

320 

400 

360 

100 

150 

130 

B5  -  T 

2200 

1500 

1900 

390 

320 

360 

140 

180 

160 

B5  -  B 

1400 

1400 

340 

460 

400 

120 

120 

120 

Effluent 

1250 

2700 

2000 

200 

300 

250 

20 

El 

50 

Effl. -river 

'  1000 

1750 

1400 

320 

450 

390 

100 

130 

120 

2 


APPENDIX  III. 


Indicator  bacteria  per  TOO  ml  of  water  samples  collected  on  21  September  1978. 


Sample 

Total  Coliforms 

Fecal 

Coliforms 

Fecal 

Streptococci 

Location 

ESH 

mi 

X 

Rep  1 

Rep  2 

X 

Rep  1 

Rep  2 

X 

Con-W-T 

2300 

2200 

2300 

500 

560 

530 

110 

no 

no 

Con-W-B 

1250 

1400 

1300 

400 

420 

410 

120 

200 

160 

Con-C-T 

1000 

1800 

1400 

440 

410 

430 

50 

60 

55 

Con-C-B 

2150 

1850 

2000 

460 

380 

420 

80 

120 

Con-E-T 

1000 

560 

780 

430 

430 

430 

•  90 

130 

no 

Con-E-B 

2400 

1700 

2100 

550 

450 

500 

80 

50 

65 

25-W-T 

1250 

2500 

1900 

520 

560 

540 

120 

180 

150 

25-W-B 

1450 

1250 

1400 

460 

480 

470 

no 

120 

120 

25-E-T 

1550 

1300 

1400 

480 

400 

440 

40 

140 

90 

25-E-B 

2050 

2550 

2300 

440 

520 

480 

60 

120 

90 

600- W-T 

1500 

1350 

1400 

520 

560 

540 

120 

130 

130 

600- W-B 

1950 

1650 

1800 

540 

300 

420 

100 

140 

120 

600- C-T 

1850 

1800 

1800 

500 

510 

510 

100 

no 

no 

600- C-B 

1500 

1250 

1400 

460 

380 

420 

60 

90 

75 

600- E-T 

1600 

1550 

1600 

580 

520 

550 

80 

no 

95 

600- E-B 

2000 

1800 

1900 

410 

550 

480 

no 

100 

no 

22 


APPENDIX  IV. 

Indicator  bacteria  per  100  ml  of  water  samples  collected  on  22  September  1978. 


Sample 

Total  Col  i forms 

Feca; 

1  Col i forms 

Fecal  Streptococci 

Locations 

■m 

HH 

wm 

mu 

Rep  2 

X 

Rep  1 

Rep  2 

X 

Con- W-T 

800 

1300 

1100 

540 

520 

530 

60 

■a 

55 

Con-W-B 

2750 

1050 

1900 

920 

880 

900 

110 

a 

80 

Con-C-T 

1450 

850 

1200 

520 

440 

480 

50 

80 

65 

Con-C-B 

1750 

1650 

1700 

320 

240 

280 

40 

80 

60 

BW-T 

1250 

850 

1100 

500 

640 

570 

70 

20 

45 

BW-B 

900 

1500 

1200 

510 

520 

520 

60 

20 

40 

BE-T 

1200 

1050 

1100 

460 

460 

460 

70 

90 

80 

BE-B 

800 

950 

880 

500 

560 

530 

60 

50 

55 

DP 

1950 

1800 

1900 

440 

460 

450 

120 

90 

no 

100- W-T 

0a 

0 

<20 

540 

470 

510 

50 

50 

50 

100-W-B 

2300 

2050 

2200 

580 

460 

520 

no 

80 

95 

100-C-M 

950 

1200 

1100 

480 

520 

500 

30 

40 

35 

100- E-M 

1950 

1550 

1800 

520 

600 

560 

30 

20 

25 

200- W-T 

1700 

2500 

2100 

780 

660 

720 

30 

70 

50 

200- W-B 

2350 

3000 

2700 

460 

440 

450 

70 

100 

85 

200- C-M 

1650 

1650 

1700 

330 

330 

330 

50 

80 

65 

200- E-M 

500 

600 

550 

490 

390 

440 

70 

50 

60 

300- W-T 

1800 

1880 

1800 

TNTCb 

TNTC 

TNTC 

20 

40 

30 

300- W-B 

2300 

1800 

2260 

2320 

2300 

10 

60 

35 

300- C-T 

2700 

2450 

2600 

860 

980 

920 

140 

90 

120 

300- C-B 

1300 

1760 

1500 

440 

940 

690 

50 

40 

45 

300- E-T 

2500 

1450 

2000 

1140 

860 

1000 

10 

80 

45 

300- E-B 

1100 

850 

980 

520 

460 

490 

70 

130 

100 

400- W-T 

650 

1300 

980 

580 

620 

600 

10 

40 

25 

400- W-B 

1100 

750 

930 

460 

460 

460 

70 

60 

65 

400- C-T 

2050 

2450 

2300 

420 

400 

410 

60 

40 

50 

400- C-B 

950 

1150 

1100 

620 

440 

40 

20 

30 

400- E-T 

1300 

1500 

1400 

470 

470 

Iff! 

40 

30 

35 

400- E-B 

1700 

2500 

2100 

760 

680 

720 

70 

80 

75 

aNo  colonies  formed  on  2  plates  representing  5-ml  filtration  volumes. 


bTNTC  =  Colonies  "too numerous  to  count"  with  any  accuracy. 


APPENDIX  V. 


One-way  analysis  of  variance  between  the  mean  indicator  bacterial  densities 
per  100  ml  of  upstream  control  samples. 


Sampling 

Period 

- ' 

*TC 

o 

u. 

IX 

*FS 

n 

19  September 

1467.5 

431.5 

143.5 

20 

21  September 

1634.2 

452.5 

100.0 

12 

22  September 

1450.0 

547.5 

65.0 

8 

n 

40 

40 

40 

-- 

Fa 

0.50 

1.90 

13.63 

— 

a^2* 37  *  7,37  (i . e . •  the  probability  of  a  F-value  exceeding  7.37  as  a 
result  of  simple  random  sampling  a  normal  population  is  less  than  0.01). 


iiWIt.  I  ■. 


APPENDIX  VI. 


One-way  analysis  of  variance  between  mean  indicator  bacterial  densities  per 


Kit] 


Sample 

Location 


Upstream 

control 

At  dredge 

Downstream 


21  September  1978 


22  September  1978 


d.f. , 

numerator  1 
d.f., 

denominator  30 
Rejection 


*FC 

u. 

IX 

*TC 

*FC 

452.5 

100.0 

1450.0 

547.5 

ND 

ND 

1062.5 

518.8 

484.5 

107.0 

1663.5 

652.8 

1.77 

0.29 

3.49 

0.60 

1 

1 

2 

2 

30 

30 

53 

53 

7.56 

7.56 

5.03 

5.03 

ND  -  not  done 


The  probability  is  less  than  0.01  that  a  F-value  will  exceed  this  number  if 
the  null  hypothesis,  that  the  sample  means  are  equal,  is  true. 


